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FOREWOHD 


C on tribu Units for this report on various subjects were made by the 
follo’.viitg pei'sonncl for Actvanced Systems: D. C. Harper and II. M. 
Alien, design; D, .0. Nevinger, weights; R. W. Thompson, parametric, 
wing sizing; II. A. James, Project Leader, aerodynamics and perform- 
ance; F. L. Miller, systems; J. Wilcox, reliability; and N. M. Bowers, 
structuz’es' and jnaterinls. 



SUMMARY 


The feasibility of modifying an existing supersonic drone, liQM-34E, 
into a NASA free-flight research vehicle is examined in this s(ud\-. This 
remotely controlled vehicle would be capal)le of free-flight validation 
testing of wing configurations representative of a wide range of research 
applications for advanced transports and fighters as well as RPVs. This 
studj'’ is addressed to tliree main topics per Contract No. NAS 1-11758, 
i.e.: aerod 3 mamics and performance, design and structures, and 
command and control system. 

Appropriate structural and control system modifications, reliability and 
opei'ational considerations, and ROM costs indicate that the BQM-34E 
drone is indeed suitable as a NASA rcseareh vehicle. 

During the initial portion of the study, wing sizing to specified aerodj^- 
namic and performance criteria was accomplished. This resulted in 
the definition of six point designs matched to the modified BQIM-34E with 
its basic propulsion s^ystem.. From these results, NASA selected a 
representative research configiiration for more in-depth structural 
design and control system studies. 

The structural design studies identified several alternative engineering 
solutions for the testing of high and low-wing configurations. These were 
evaluated in terms of cost, complexity, and model similaritj'’. Repre- 
sentative control and high-lift devices were coiifigured for transonic 
flutter mode suppression research testing. Practical methods of 
achieving variations of wing bending and torsional rigidity were identified. 

The results of a comprehensive analysis of command and control sj^stems 
required for various types of research programs are summarized. The 
basic control and AFSC system is amenable tp modifications with existing 
hardware to accommodate steady -state as well as dynamic loads, flutter, 
and variable-stability research programs. 
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1.0 introduction 


NASA is conducting intensive Iaboratoi*y and flight test programs to 
enhance the development of both advanced civilian and military aircraft. 

In support of these programs, a relatively ]ov/-cost, remotely controlled, 
research veliicle could provide critically needed test data in a most 
cxix 2 ditious manner and without the risk of human life. It would bo parti- 
cularly valuable in the critical test and development phase, prior to the 
availability of full-scale, manned research aircraft and/or. during the 
validation phase in support of corrections with wind tunnel test data. In 
support of these objectives, the purpose of this study is to determine the 
feasibiliti' of adapting the supersonic BQM-34E drone to accommodate 
a proposed free-flight research program which would include wings having 
a broad range of applications. 

At contract go-ahead, study guidelines and objectives were established at 
a joint NASA/Teledyne Ryan meeting, as summarized in Reference 1. 

The proposed NASA research drone would be capable of accepting research 
wings with a broad range of subsonic and supersonic application. 

This study encoxnpasses only the conceptual pliase and defines, in gejicral, 
the engineering approach and rough order of magnitude of resources 
required to modify an existing drone into a remotely controlled research 
vehicle. The particular vehicle is unique in that it offers continuously 
powered flight test performance ca inabilities throughout the subsonic and 
supersonic flight regimes, with reasonable endurance. From an aerody- 
namic standpoint, this configrmation is representative of an ideal limit, 
in. terms of aerodj'namic cleanliness. 

In terms of structviral integrity, this vehicle has a rugged airframe 
designed to operate up to ultimate dynamic pressiu’e of 2133 psf, which 
compares quite favorably with that of anj' of the known advanced fighters. 

The current shoulder wing crossover structure is readily adaptible to 
interchangeable wings at low cost. Low-wing installations are also feasi- 
ble at increased cost and complexify, depending upon emphasis in 
accordance wdth research priorities. 

Preliminary design guidelines for sizing six possible research wings, 
based on a modified BQM-34E system, are summarized in Table 1-1. 
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2.0 TECHNICAL APPROACH 

/ 

/ 



f, 


r 
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The tcclinical approach utilized in the initial portion of the study was to 
conduct preliminary design studies of wing coniiguratioiis liaving a wide 
range of subsonic and supersonic applications . This was accomplished 
for six types of wings, in accordance with design and juodel similarit}’’ 
criteria. summarized in Table 1-1. It will be noted that wings applicable 
to advanced subsonic transports incorporating supercritical wing tech- 
nology, an advanced-maneuverability fighter, an SST, and RPV are 
included. 

The initial study guidelines included the following considerations: 

a. Revision to internal fuel system for a. capacity of about 400 
pounds fuel. 

b. MARS or parachute recovery. 

c. Conventional ailerons plus stabilizer tail. 

d. . Air launch primary, ground launch secondary . 

e. High and low-w'ing test capability. 

f. Remote or onboard command and guidance systems. 

g. Unique, one-of-a-kind, research vehicle. 

In this portion of the study, tail volume coefficients and w'ing-body ge<^metric 
similarit}'" constraints were kept close to those typical for each wingappH- . , 
cation. This portion of the study was then summarized into a summary 
document designated as ASTM 72-22. This was submitted to NASA, along 
w'ith three-view layouts and area distributions of each point design. This 
portion of the study provided NASA with a basis for selection of a configu- 
ration (1-30) for Tasks II and III. Engineering design and structural 
studies were then carried out for a feasible, one-of-a-kind, research drone, 
capable of testing a variet}^ of high and low-wing configurations. The 
associated studies involving advanced structural materials, proportional 
control, and control law' system capabilities were carried out on the basis 


3 



of the low-wing sonic traiiS[)ort wing configuration identified in this study 
as w’ing 1-30-2. This sUidy was concluded with ROM costs and recom- 
mendations for an immediate follow'-on program. 



3.0 RESULTS 


The results of this feasibility study are presented in Paragraphs 3.1 
through 3.4. These results are presented in a logieal sequence, starting 
v.ith the preliminary parametrics and wing sizing studies and followed by. 
more ih-tlopth engineering studies accomplished on a NASA-selected 
representative research drone configuration. 

3.1 PR ELIMINAR Y ST UDI ES 

Preliminary vehicle sizing data v.as first explored by means of the 
Teledyne Ryan Advanced Systems vehicle-sizing program designated as 
AVSYN. The computerized program, AYSYN, can accept up to 145 design 
and mission variables to size remotely piloted vehicles quickly. The 
feasibility of accomplishing designated 30 to 31-rainute missions v,4th a 
NASA payload of 250 pounds with a reasonably sized vehicle based on the 
EQM-34E propulsion system was examined. Trends versus wnng aspect 
ratio and wing area are shown in Figures 3-1, 3-2, and 3-3. 

The significant results from this portion of the study indicated the feasi- 
bility of vehicle gross weights from 2500 to 3000 pounds and fuel loads of 
about 400. pounds, sufficient to accomplish the NASA mission requirements. 

Wing-Sizing Study 

The preliminary wing design criteria for wing aspect ratios, Mach num- 
bers, and lift coefficients iibm Tabic 3-1 were utilized to determine wing 
area and Reynolds number versus altitude for an assumed fixed weight of 
2500 pounds. 

The results of this sizing study are illustrated for each of the wing appli- 
cations in Figures 3-4 through 3-15. These data provided a range of 
wing areas to be considered for each of the applications. It was noted 
that small wings were bounclal by geometric body width to span constraint 
Wb/b. At 1-g flight condition, results show that small wings achieved 
higher Reynolds numbers than did the larger wings. An additional con- 
straint to provide longilucUnal trim and stability involved horizontal appli- 
cable tail volume coefficients for each type of wing considered in this 
study. Coordination with NASA (Mr. Ferris) confirmed our views that 












Figure 3-2. AVSYN Results, Sea Level Launch 
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Figure 3-4. NASA Wing Studjg Preliminary Estimate of tlie Thrust Required 
and Available for the No. 1 Wing Design 
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Fii,Hirc 3-13. NASA Win^f Study, Sizin^^ Study for Win^: No. 5 









































horizontal tail volume coefficients for most applications should be at 
least O.GO to 0.80. This ciiterion would limit most wnng sizes to less 
than 45 square feet. In only one api)Iication, involving wing 5 (which had 
laminar airfoils) was a deviation on tail volume coefficient permitted 
dowii to 0.40, close to that of a similar vehicle in existence. An addi- 
tional flight limitation was the thrusL-limitcd maximum altitude at the 
designated design Mach number and lift coefficient. 

The results of this portion of the study were then examined for compati- 
bility with the BQM-34i-: fuselage crossover, center of gravity, and tail 
arms by means of three-rview design layouts. The design layouts included 
the following range of feasible wing areas for each application; 


WING NO. 


MNG AREAS, SQUARE FEET 


1 

2 

3 

4 

5 

6 

3.2 POINT DESIGNS 


30 to 50 
2G to 50 
20 to 28 
40 to 60 
40 to 60 
25 to 35 


The preliminary design guidelines for developing feasible designs for 
each of the six applications consisted of the following: 


a. Wing crossover structure close to that of the basic vehicle. 

b. Wing c/4 close to Station No. 2G4 to achieve reasonable 
center-of~gravity balance. 

c. Horizontal volume coefficient, Vj.j s 0.6 to 0.8. 

d. Vertical volume coefficient Vy a 0.08. 

e. Revision of fuel system to about 4G0-pound fuel capacity. 

f. Air launch primaiy, ground launch secondary. 

g. Conventional aluminum riveted construction or equivalent, 
h; Conventional ailerons plus stabilizer tail. 

i. MARS or standard parachute recovery secondary. 



It was apparent at thc onset of this study tiiat a higli-wiii't conri'pinition 

could more easily be tlcvclopccl than could :i low-wing configuration. 

Ifowcvcr, it was considered desirable to achieve a low-wing capj.i;ility, 

since this would be more representative of transport configurations. 

/ 

/ 

WEIGHTS ANAI.YSIS 

The weight of the basic HQM-.‘ME, less wing and target augcaentation 
cquipnient, is tabulated below; 

WJHGHT 

ITEM (pounds) 


Wing Group 

Tail Group 

50.0 

Body Group 

273.3 

Takeoff and Hecovery Equipment 

122.0 

Propulsion 

427.0 

Lube and Fuel System 

36,1 

Electrical 

139.4 

Controls 

36.7 

Guidance 

42.8- 

Electronics 

50.6 

Environmental Protection Equipment 

10.1 

Weight Empty - Revised 

(1188.0) 

Unusable Fuel and Oil 

15.2 

Refrigerant System 

20.6 

Zero Fuel Weight - Revised 

(1223.8) 

Internal Fuel 

274.0 

Refrigei'ant 

8.3 

Gross Weight - Revised 

(1506.1) 

Basic Items Removed 

Wing 

142.2 

Target Augmentation 

171.8 



Modifications Weight Sumivia yy 


Estimated wciglit for anliciiiatcd modifications to the BQM-34E arc 
tabulated below: 

/ 

WEIGHT 


ITEM 

(pounds) 

NASA Payload 

250.0 

Two Span Ailerons 

20.0 

Additional Fuel 

76.0 

Additional Taniaige 

24.6 

High-Lift Devices 

50. 0 

MAKS Kecovery System 

50.0 

Wing Crossover Adaptei’ 

50.0 

Revised Air Launch Fittings 

10.0 

Area Rule Modifications 

50.0 

Ballast Provisions 

100.0 

Total Modification Weight 

(680.0) 

Estimated Modified Veln’clc Gross Weight 


The estimated vehicle gross weights for each wing 

configuration 

tabulated below: 

WEIGHT 

CONFIGURATION 

(pound s) 

Configuration 1 (S^ = 30 ft. 2) 


BQM-34E GW Revised 

1506.1 

Modifications 

680.0 

Wing. 

156.0 

Gross Weight 

(2340.1) 

Configiu’ation 2 ~ 30 ft. 2) 


BQM-34E GW Revised 

1506.1 

Modifications 

680.0 

Wing 

159.0 

Gross Weight 

(2345.1) 


WEIGHT 

CONFIG Lm ATION (pou nd s) 


Configuration 3 (S ^/ 24 ft. 2) 


i 1 A 1. X c*. ^ ivj 1 1 ^ J 

BQM-34E GW Revised 

Modifications 

Wing 

Gross Weight 

Configuration 4 (S^y = 40 ft.^) 

1506. 1 
680. 0 
128.0 

(2314.1) 

BQM-34E Gw Revised 

1506,1 

Modifications 


680.0 

Wing 


199.0 

Gross Weight 

- 

. (2385.1) 

Configuration 5 (S^ = 

= 60 ft. 2) 


BQM-34E GW Revised 

1506.1 

Modifications 


680.0 

Wing 


226.0 

Gross Weight 


(2412.1) 

Configuration 6 (Sy, = 

= 35 ft. 2) 


BQM-34E GW Revised 

1506.1 

Modifications 


680.0 

Wing 


136.0 

Gross Weight 


(2322.1) 


Performance' Envelopes 

The general performance and typical research mission capabilities 

of each wing application developed from the design study were examined 
in this portion of the study (Figures 3-16 through 3-27). 

NOTE 

The notation for each design includes a wing number 
corresponding to its application in Table 1-1. The 
dash number denotes wing area; i.e. , 1-30 is wing 1 
with a 30-square-foot wing. 












































































Figure 3-2G. No. 5-GO Specific Endurance 
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The performance evaluation was preceded by estimates of the required 
longitudinal aerodynamic coefficients versus Mach number and angle of 
attack. Available methods included in the AAF Datcom Handbook, NASA 
Reports, and Tcledyne Ryan estimation mctliods were ap(ilied directly as 
necessary to generate aerodynamic cocfficient.s for this study. For most 
of the subject configurations, wind tunnel test data, due to compressibility 
and flow separatioii phenomena, were available as the daU\ basis. 

The results of the flight envelope capabilities evaluation of each point 
design, at three typical weights, are included in Figures 3-lG through 
3-26. Typical. NASA research ihission capabilities are presented in 
Tables 3-1 through 3-6. Examples of the subsonic drag buildup for each 
of the wing configurations are included in Tables 3-7 through 3-12 at 
design altitudes. The supersonic wave drag and subsonic drag divergence 
phenomena were estimated by available Teledyne Ryan Advanced Systems 
empii’ical methods. 

The applicable longitudinal coefficients versus Mach number for each of 
the subject configurations utilized to determine the flight performance 
envelopes are included in Figures 3-28 through 3-44. 

The flight performance capabilities of each configuration were deteriviined 
by means of the computerized Teledyne Ryan performance programs. 

Area Rule Modifications 

The distribution of volume in terms of cross-sectional area versus 
length v/as identified for each of the six-point designs. It was noted that 
the equivalent body fineness ratio of each point design \vas quite high, so 
that even without ideal area rule modifications this research veliicle 
would be expected to have low' wave drag, i.c. ; 

CONFIGURATION EQUIVALENT BODY F.R. 


1- 30 

2- 30 

3- 24 

4- 40 

5- 60 

6- 35 


13.0 
12.6 
13.9 
12.2 

10.0 

13.8 


The variation of cross-sectional area of the selected configuration 1-30-2 
can be compared with a recommended and an ideal zero-lift distribution 
in Figures 3-52 and 3-53. 



TABLE 3-1 

NASA BESEABCII MlSSlO.'-i 'fABUIAlTON, 
WING NO, 1-30. AIACli 0. 98 T RANSPORT 


MISSION 

SEGMENT 

SEGiMENT DESCRli’'1'lON 

t 

(min.) 

WF.IGHT 

(lb.) 

R 

(nm) 

1 

Warmup and launch at 10.000 ft. 

/ 0.0 

45.0 

0.0 

2 

Max. climb to 45,000 ft,, at Macli 0.9 

2 . 2 

53. 1 

IS.O 

3 

Design cruise at Mach 0.98 at 45,000 
ft. 

25.8 

246.9 

242 . 0 


Launch Weight: 2342.1 lb. 

Fuel Weight: 3G0.0 lb, 

Zex’o Fuel Weigiit: 1992.1 lb. 


I 

-i 


. 

■r 

TABLE 3-2 ■ I 


NASA RESEARCH MISSION TABUIATION, 
WING NO. 2-30, MACH 0.90 TRANSPORT 


MISSION 


t 

. WEIGHT 

R 

SEGMENT 

SEGMENT DESCRIPTION 

(min, ) 

(lb.) 

(nm) 

1 

Warmup and launch at 10,000 ft. 

0.0 

45.0 

0.0 

2 

Max, climb to 50, 000 ft. at ?>Iach 0.9 

3.83 

90.4 

32.9 

3 

Design cruise at 50, 000 ft. at Mach 
0.9 

49.9 

214.6 

429 . 0 


Launch Weight: .2345.1 1b. 

Fuel Weight: 350.0 1b. 

Zero Fuel Weight: 1995. 1 lb. 


C 
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'J'ABLE 3-3 


NASA m;SKAUCH MISSION TABU];^\TION, 
WING NO. 3-21, AUr-'rO-AIll RPV 


MISSION 


t 

WEIGHT 

R ' 

SEGMENT 

SEGMENT DESCRIPTION 

(min, ) 

(lb.) 

(nm) 

1 

Warinup and launch at 10,000 ft. 

/ 0.0 

45.0 

0.0 

2 

Max. climb to 40, 000 ft. 

2.55 

70.8 

21,9 

3 

Design cruise at Mach 1.4 at 40, 000 
ft. 

12.38 

234.2 

165.6 

NOTE: Add 

50.5 pounds of fuel to increase segment 

No. 3 to 3 

5 minutes. 



Launch Weight: 2314,1 Ih. 

Fuel Weight: 350,0 lb. 

Zero Fuel Weight: 1964, 1 lb. 


NASA RESEARCH -AIISSION TABULATION, 
WING NO. 4-40, ENDURANCE TUTIBOJET 


MISSION 


t 

WEIGHT 

R . 

SEGMENT 

SEGIMENT DESCRIPTION 

(min, ) 

(lb.) 

(nm) 

1 

W'armup and launch r t 10, 000 ft. 

0.0 

45.0 

0.0 

2 

j\Iax. climb to 50, 000 ft. 

4.54 

- 99.7 

43.4 

3 

Design cruise at Mach 0.9 at 50, 000 
ft. - ■ 

47.3 

205.3 

406.0 


Launch Weight: 23S5.1lb. 

Fuel Weight: 350.0 1b. 

Zero Fuel Weight: 2035. 1 lb. 


o 
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TABLE 3-5 


NASA KESl';ARC]r MISSION TABULATION, 
WING NO. 5-GO, ENDURANCE TURBOFAN 


MISSION 

SEGMENT 

SEGlMENT DESCRIPTION . 

t 

(min. ) 

WEIGHT 

(lb.) 

R 

(nm) 

1 

Warmup and launch at 10,000 ft. 

/ 0.0 

45.0 

0.0 

2 

Max. climb to 55,000 ft. 

5 . 13 

105.9 

34.3 

3 

Design cruise at 55,000 ft., at iUach 0.75 

58. 0 

199. 1 

418.11 


Launch Weight: 2412.1 lb. 

Fuel Weight: 350.0 1b. 

Zero Fuel Weight: 2002. 1 ib. 


TABLE 3-6 


NASA RESE.ARCH MISSION TABULATION, 
WING NO.. 6-35, SST CONFIGURATION 


MISSION 

SEGMENT 

SEC-aiENT DESCRIPTION 

t 

(min. ) 

WEIGHT 

(lb.) 

R 

(nm) 

1 

Warmup launch at 10,000 ft.- 

0.0 

45.0 

0.0 

2 

Max. climb to 40,000 ft. 

2.84 

78.7 

26.2 

3 

Design cruise at Mach 1.4 at 40,000 
ft-. 

12.54 

226.3 

167,5 


NOTE: Add 44.3 pounds fuel to achieve 15-minute segment No. 3. 


Laimch Weight: 2322.1 lb. 

Fuel Weight: 350.0 1b. 

Zero Fuel Weight: 1972. 1 lb. 


( 
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PROFILE DEAG BUILDUP, MODEL 1-30 
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PROFILE DRAG BUILDUP, MODEL NO, 3-24 
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Altitude: 45,000 feet RN/ft.: 1.3545 C Reference: 3.5Sfce 









































PROFILE DRAG BUILDUP, MODEL NO. 





















































Figure 3-30. No, 1-30 Longitudinal Characteristics 














Figure 3-31. No. 2-30 vs. Macli Number 
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'6 3-41. No 5-60 Induced Drag Coefficient vs. Mac 




























To achieve an ideal distril)ution of volume, the fine-body cross-sectional 
area would have to lie almost doubled. A veiw reasonable compromise, 
well suited to the Macdi raiiiA'C of this research drone and designated as 
"minimum area rule lairings”, is illustrated in Figure 3-51. The 
shoulder fairings provide the least interference with access doors and 
launch and recovery fittings. In any case, this docs not appear to be a 
serious consideration for this particular configuration, due to its inher- 
ently high equivalent body fineness ratio. 

3.3 RESEAltCII CON FIGURATION 

The results of the wing parametric and sizing analyses summarized in 
Table 3-13 were included in an interim report to NASA (ASTM 72-22), 
From this data, a representative research drone configuration {Figure 
3-45) was selected for more in-depth engineering studies, to be pre- 
sented in the ensuing sections. The results of structural and design 
studies, as well as pertinent features of a command and guidance system 
capable of accomplishing a variety of NASA research tasks, is included 
in Paragraphs 3.3. 1 through 3.3,7. Various tests required to achieve 
assurance of success are summarized in Paragraph 3.4. 

3.3.1 Wing Location 

Four wing location concepts were investigated, all with the same basic 
wing planform (configuration 1, 30 square feet) which was selected from; 
the previous six-wing parametric study; These four were identified as 
configuration 1-30-1, 1-30-2, 1-30-3, and 1-30-4 (Figures 3-46 and 
3-47), as shown in Table 3-14. 

A tradeoff stud\' was performed to select the best all-around method of 
wing installation (Figure 3-47). Main' parameters w'ere considered, but 
they were reduced to four significant ones: transport geometric, simula- 
tion, vehicle performance, estimated cost, and operational factors. 
Transport simulation consisted of determining how' closely the design of 
the drone could be scaled to be representative of the proposed supercriti- 
cal wing transports. Flight duration, stability, drag, etc. , were con- 
sidered under the vehicle performance aspect. In the cost estimate, 
configurations were considered in the light of Teledyne llyan’s experience 
wath them, their total costs, and other factors. Air launch and recovery 
difficulties, as w'ell as the chance of damage in case of ground impact, 
were considered in the operational aspect of the study'. The results 
(Figure 3-47) indicate that configuration 1-30-2, the low midwing, is the 
best, with configuration 1-30-1 the second best. Since both of these 
configurations w'crc of interest to N.\S.-\, they were both investigated as 
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TABLE 3-14. 
CONFIGUBATION LIST 
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Figure 3-45. General Arrangement, 1-30-2 




Figure 3-46. Design Alternatives 


























to the method of construction. In addition, it \vas determined from NASA 
that the ability to convert one vehicle from a low wing to a high wing 
(configuration l-liO-2 to I-.IO-I) would be desirable from a research 
viewpoint. This capalhlity was also included in the investigation. 

The stretched fuselage; configuration 1-30-3, with a low wing, w'as dis- 
carded because of cost, air launch difficulty, centcr-of-gravity travel, 
and some increase in wetted area. Its only real advantage v/as increased 
fuel volume for longer llight duration. Configuration 1-30-4 was dis- 
carded because of increased drag due to an increase in the frontal area 
and a greater chance of wing damage in case of ground impact. 

Low-Wing Attachment (Configuration 1-30-2) 

This configuration requires modifications to the existing BQM-34E in the 
area of the fuselage fuel lank in oi’der to mount the wing panels externally. 
The modification will consist of removing two sheet metal frames at XF 
250. boo and XF 25S.340. Three heavier machined frames located at 
XF 247.800, XF 254.000, and XF 260.200 (Figure 3-48) will replace the 
frames. The replacement frames mil be within the existing tank skin 
line, thereby avoiding any fuel tank sealing problems. A suitable rnaterial 
thickness will be built into the frames to withstand the loads imposed from 
wing bending and torsion as well as the heavy bosses required for concen- 
trated bolt locations. The wing panel will be tension bolted to these 
frames through adapter fittings located outside the tank skin. This 
machined adaptor (Figure 3-4S, Section B-B) will be bolted to the inter- 
nal frames at six places, tw'o in each frame, with 7/l6-inch-diameter, 
300,000-psi, heat-treated bolts. To mount the wings to the adapter fitting, 
5/l6-inch-diametcr, 300,000-psi, heat-treated bolts are used. The 
desired wing incidence and dihedral will be incorporated into the adapter 
fitting. Minor incidence and dihedral changes can be made by machining 
alternate adapter fittings as required. 

High Wing (Configuration 1-30-1) 


This configuration can be considered as an alternate to the low-wing 
configuration as the primary' vehicle. As an alternate to configuration 
1-30-2, the high-wing location can be created by' removing the wings and 
adapter fittings from configuration 1-30-2 and installing a new, machined, 
wing carry-through box (Figure 3-49). This torque box will fit between 
the existing fuel tank top and the parachute riser trough. It will bolt into 
the top of the machined frames added for configuration 1-30-2. Twelve 
barrel nut and wing attach studs are furnished to allow interchangeable 
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Figure 3-49. Wing Installation and Fuselage Modification 1-30- 



installation of cacli wing panel. Lightening holes are provided in the 
torque box to allow wire: and i)lumbing i)assagd and a reduction in weight. 

Fuel and Payload Provisions 


Configuration 1-ao-l, High Wing (Figure 3-49). - The fuel for this con- 
figuration is stored in (he regular fuselage tank, wdth optional fuel avail- 
able in the nose and a small tank behind the wing carrytlu'ough box. 
Assuming JP-5 fuel at approximately 6.8 pounds (jer gallon, the fuel 
weight for each tank is as follows: 

Main tank in fuselage 263 pounds 

Auxiliary in nose 70 pounds 


Auxiliai’i' behind wing box 


20 pounds 


Total 


353 pounds 


The pressurized payload provisions are all in the nose equipment com- 
partment, and available space exists around the essential equipment 
located in the compartment. Available and optional volume locations aiid 
sizes may be summarized as follows; 


Nose cone (available) 

Cooling system removed (optional) 
Shaker unit removed (optional) 
103-gallon fuel tank removed (optional) 
Miscellaneous volumes (available) 


0,30 cu. ft. 
0.75 cu. ft. 
0, 60 Cu. ft. 
1.40 cu. ft. 
1. 10 cu. ft. 


Total 


4.15 cu. ft. 


In addition to the nose compai’tment volume, there is approximately 0.5 
cubic foot availarble around the \\4ng carrythrough box if the optional fuel 
tank is removed. This area is unpressurized. 


Configuration 1-30-2, Low Wing (Figure 3-48) . - The fuel and payload 
provisions are essentially the same as those of configuration 1-30-1, 
with the exception of the space above the fuel tank. Since no wing carry- 
through box is required, the fuel load can be increased by approximately 
20 pounds in the auxiliary tank over the main tanlc, thereby providing a 
total fuel capacity of 373 pounds. In the case of payload provision, if 
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the fuel tank above the main tank is removed the available unpressurized 
pa 3 'load volume is approximately 1.0 cubic foot. A detailed inboard 
profile of this arranjjement is illustrated in Figure 3-50. 

Area Rule Modifications 


Vehicle area ruling can be accomplished by installing external fairings 
on the fuselagc/wang joints. The fairings mil be fiber-glass structures 
(Figure 3-51) held to the fuselage with screws. Points requiring frequent 
service ma^' require special access doors through the fairings. Typical 
vehicle area distributions are showTi in Figures 3-52 and 3-53, and vari- 
ations of these can be aehieved by redesigned fairings. 

3.3.2 Wing Design and Construction 

Structural Arrangement 

The v\dng (Figure 3-54) is a tapered, s\vept mng with a supercritical 
airfoil section, 11 percent thick at the root and 7 percent at the tip. The 
sweep angle is'40 degrees 21 minutes at the mng quarter chord. Inboard 
and outboard ailerons are utilized, along with a hinged leading edge cap- 
able of moving up and down. 

The px’imary bending and torsional structure of the wing is composed of 
a full-depth honeycomb box bounded b\' sheet metal channel spars at 15 
and 60 pei’cent chord. A machined aluminum root fitting is located at 
the root of the bending box, allowing wing removal from the mating fuse- 
lage fitting. The trailing -edge fixed structure is of fiber glass and is 
removable for control system access, A sheet metal, removable, leading 
edge is furnished for access to the movable leading-edge controls. The 
wingtip is a foam -filled, fiber-glass shell bolted to the torque box close- 
out rib. 

Variable-Stiffness Wings 

The honeycomb torque box mng construction (Figure 3-55) will permit 
wings of varying stiffness to be designed and built without an}^ major 
tooling change. This type of wing has nearly all of the bending and tor- 
sional material concentrated in the upper and low'er sJdns, which are 
bonded to the full-depth aluminum honeycomb core. By altering the 
modulus of elasticity, thickness, and (in the case of fiber materials) the 
fiber orientation from the wing elastic axes, the properties of these skins 
can be varied considerably. Computer progi’ams such as SQ5, LAP*, 
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Figure 3-52. Area Distribution for the Basic BQM-34E 
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Figure 3-55. Wing Structural Gross Sections 



box beam, NASTRAN, and WAVES I are available and have been 
used to aid in llic clcsij;M of Uiis type of \vin«j. Candidate si-dn materials, 
each having ceitain structural features, arc glass fiber, magnesium, 
aluminum, PRD-49 fiber, boron fiber, steel, and graphite fiber. The 
materials used for skins outside the bending torque box need not change. 
The honeycomb and channel spurs will likely remain aluminum, although 

other materials may be considered, depending upon wang requirements. 

/ 

/ 

3. 3. 2.1 Preliminary Structural Design Criteria 

The basis for the preliminary structural design criteria for the modified 
BQM-34E research vehicle with the NASA supercritical wing shall be the 
structural design criteria for the basic aircraft. The criteria presented 
herein sha.ll be utilized for preliminary sizing of the structure. As 
refinements in structural, mass and aerodynamic cliaracteristics are 
developed, these criteria may likewise be modified. 

Results of a flutter study will dictate wing stiffness requirements to 
ensure a flutter and divei’gence design without control reversal. The 15 
percent margin (1,15 times maximum operating speeds) required by 
MIL-A-8S70 (for manned aircraft) shall be considered a requirem.ent for 
the wing. The empennage already possesses this margin. 

The Mach-altitude envelopes for the standard BQM-34E and the research 
vehicle with the supercritical wing are presented in Figure 3~56. The 
Vh curve for the modified aircraft w-as generated by using a constant 
dynamic pressure curve (equivalent to Mach 0.95 at sea level) up to 
Mach 0. 98, then a constant jNIach number to upper altitudes. Vl for the 
modified ci'aft was generated in the same fashion, with the constant 
dynamic pressure cuiwe corresponding to Mach 1.05 at sea level. Con- 
stant Mach number for Vl is attained at Mach 1.08. 

Sea-level y-n diagrams for both symmetrical and unsymmetrical flight 
are presented in Figures 3-57 and 3-5S for the basic BQM-34E. Figures 
3-57(b) and 3-58(b) only (the tw'o lower envelopes) shall also be applicable 
for the craft wifh the supercritical wing. 

Gross Weights 


The gross weights for structural design of the BQM-34E are presented 
in Table 3-15. The structural design gross weight for the craft with the 
supercritical wing shall be the same as that for the standard BQM-34E 
with external tank (i.e., free flight ~ 2500 pounds, ground launch ~ 2900 
pounds, etc.). 



MACH NU^IRER. M 


Figure 3-56. Mach Number vs. Altitude 










VERTICAL LOAD FACTOR, , VERTIC 



(a). Gross Weight = 2037 Lb. 



(b). Gross Weight 2500 Lb. 

NOTE: 

(b) is applicable only to the craft with the supercritical wing. 


Figure 3-57. V^n Diagr^ims - Symmetrical Maneuvers, Model BQM-34E 













TABLE 3-15 

STRUGTUUAL DESIGN CHII’EHIA SUMMARY, 
PARACH UTE R ECOVER Y 



DESIGN 

L LTLMATE 

.M.-\XI.ML:M limit 




GRO.SS 

FACTOR 

LOAD FACTOR 




WEIGHT 

OF 

n 

X 


n 

z 



CONDITION' 

(pounds) 

SA FE TY 

"y 


COM.MENTS 

FREE FLIGHT • 

2500 






Sii bsonic 


2037 






Supersonic 

Symmetrical Maneuvers 





-2. 0 to 5.0 


Cj = 1. 5 rad. /sec. 2, basic 

max 

Asymmetrical Maneuvers 





1. 0 to 4. 0 



Gust 







27 fps (EAS) at V^^ 

CAPTIVE FLIGHT 

2541 

1. 50 






Taxi, Takeoff. Landing 



±2. 50 

±1.50 

-3. 0 to 6. 0 


Eor design of attachments and 
sway braces. Loads act simul- 
taneously. 

Gust 







50 fps (EAS) at V„ of DP-2E, 
H 

PARACHUTE RECOVERY 


1. 25 






Drag Parachute Deployment 

1250 to 


-12.0* 

±3.0*. 

6. 00* 


Based upon 15, OOO-lb. para- 


20 ?8 






chute load. 

Main Parachute Deployment 

1922 






Based upon 12. 000-lb. para- 
chute load. 

GROUND LOADS 


1.50 






Ground Launch 

2900 






Includes JATO unit and external 
fuel tank. 


2100 


7.00- 

.-.I. 50’ 

2.40' 


Includes JATO unit. 

Ground launcii loads and load 
factors based upon .J.\TO thrust 
of 14,000 pounds plus engine 
th rust. 

Ground Impact 

1400 


iO.O 

±3.0 

12.0 



Ground Handling Loads 








Shipping 

1900 


±4.0 

±1. 33 

±2. 0 


n acts alone and in corribinafion 
z 

Hoisting 

2944 


±0.4 

±0. 4 

2. 67 


Jacking 

2544 


±0.5 

±0.5 

2.0- 


with horizontal load factors. 

Carting 

2544 


±2.0 

±1.33 

2.0 



WATER LOADS 








Water Impact 

1720 

1.25 

±3. 0 

±4. 0 

7.5 


Load factors act independently. 


NOTE:. For flight with cxtcrnnl fut-1 tnnk (2500 lb.). Vji :incl Vj. are Mach 0.9.5 and Mach 1.05. For flight without 
external fuel tank (2037 lb.), Vji and \'i, follow constant dynamic pressure lines from Mach 1.1 to Mach 2.3 and from 
Mach 1.2 to Mach 2.5, as shown. 

* Used for equipment installation. 

(1) The XBQM-34F was designed for ground impact. Ahhough the requirement for ground impact was not carried 
over to the r>QM-31K criteria, the .strength inherem with the original design still exists. 




Centcr-of-Gravity Envelope 


The ccntcr-of-gravity range for frec-Qight struclural design conditions 
shall be 15 to 50 percent of the wing mean aerodynamic chord. 

Flight Loads Criteria 

Frcc-Flight Balanced Maneuver. - Loads shall be determined at critical 
points On and within the V -n diagram (Figure 3-57(b)) for the symmetrical 
balanced condition described in Paragraph 3.2. 1 of MIL-A-SSGl. This 
condition has zero pitching acceleration, and the pitching velocity shall be 
obtained by solution of the expression q = (g/Vq-) (112 - 1), where Vq- is 
the true velocity. 

Free-Flight Maneu ver with Specifie d Pitching Accele ration. - Loads shall 
be determined on or witiiin the V-n diagram for the symmetrical maneuver, 
with specified pitching acceleration described in Paragraph 3. 2. 2.1 of 
MEL-A-SS61. This condition shall have a basic pitch acceleration of 1,5 
rad. /sec. 2 and the values of pitching velocity specified by Figure 2 of 
MIL-A-8S61. 

Free-Flight Accelerated Poll. - Loads shall be determined at speeds to 
and at initial load factors betw-eeii 1.0 and 4.0 g for the accelerated roll 
maneuver described in Paragraph 3. 3. 1.1 of MIL-A-S861. The V-n 
diagram for roll maneuvers is showm on Figure 3-58(b). 

Control System Limitations. - The above structural design free-flight 
maneuvering criteria have been selected to provide adequate margins 
beyond those maneuvers attainable in flight with an operational flight 
control system, provided that system has characteristics similar to that 
on the standard BQM-34E. 

Fre e-Flight Gust Encounter. - Free-flight gust load factors shall be 
determined by the discrete gust analysis described in Paragraph 3.5 of 
MIL-A-8861. The gust velocities specified in the referenced paragraph 
are' unreasonably' high for an unmanned recoverable vehicle. An analysis 
was therefore performed on the BQM-34E flight profiles to determine a 
more rational value. The analysis showed that a gust of 27 feet per 
second w'ould be encountered (on the average) once in 10 sorties of the 
mission which wns determined critical (low-altitude dash mission). This 
value shall be used as the free-flight gust velocity at Vpj. 



Captive-Flight Dcsi p;ii Conditions. - The loads imposed on the BQM-34E 
by the attachment liilings and swav braces sliall be calculated using the 
load factors specified in Talkie 3-10. The gust load factors in captive 
flight shall be determined using tlie inctliods and gust velocities presented 
in Paragraph 3.5 of MIL-A-S3G1, \yh<^'i'G the forward speeds are those 
appropriate to the launcli aircraft. 

/ 

Design Features Affecting Determination of Critical Conditions. - A 
largc'part of structural design is governed in' parachute recovery and 
surface-impact conditions. Since the basic craft was designed for high 
supersonic speeds, the lifting suiTaccs have small thicloies's-to-chord 
ratios; this results in design of these surfaces for rigidity as well as 
strength. The fact tliat the craft is designed for higher speeds, dynamic 
pressures, and load factors than the carrier aircraft tends to make 
captive -flight conditions noncritical, except for local attachments. A 
result of these design features is to make this type of craft less critical 
for certain conditions than would be the case for a conventional, piloted 
aircraft. 

Elevated -Temperature Criteria. - Combined aerodynamic loading and 
heating were investigated for the following conditions for the basic 
BQM-34E: 

a. Mach 0. 55 at sea level. 

b. Mach 1.05 at sea level. 

c. Mach 2,5 at 35,500 feet. 

These points were showp to be critical during preliminary design studies 
on the BQM-34E. Since the craft wdth tlie supercritical wing will not 
operate outside the above points, they shall be utilized as criteria for the 
modified- aircraft also. 

Ultimate Factors of Safety. - The ultimate factor of safety shall be 1. 25 

for free-flight and recovery conditions and 1.5 for captive flight. • 

i 

( 

Parachute Recovery Loads Criteria 

Drag Parachute Deployment. - A 15,000-pound drag load shall be con- 
sidered for structural design during drag parachute deployment. This 
load shall act anywhere rearward within a 5-dogree angle to the line of 
flight. A gross w'eight of 202S pounds was investigated for the BQM-34E. 
In addition, a gross weight of 1250 pounds wxis also investigated in order 
to provide a maximum longitudinal load factor for equipment installation. 



Main Parachuto Dcn 1ovtru;nt. - Duvinr; main parachute deployment, large 
loads arc transmitted to thc'craft througii tlic for\rard and aft main para- 
chute bridles. For structural design of the ]3QM-34E, a main pa racial tc 
load of 12,000 pounds sltall he considered to^act in the fuselage plane of 
symmetry at angles between the vertical and directly aft. Gross weights 
up to 1922 pounds apply for main parachuto deployment on the I3QM-34E. 

Paragraph 3. 7. 2. 1.1 of the BQM-34E detail specification (Teledyne Eyan 
Specification No. SD-2019 E-1) states that the parachute shall be suitable 
for lowering the craft at a maximum sinking speed of 20 feet per second 
with no fuel abaord. This is adopted as a paracliute design criterion. 

The sink speed measured during qualification testing was 17.2 feet per 
second, based on a suspended weight of 1400 pounds. This is equivalent 
to a sink speed of 19.1 feet per second for a suspended v/eight of 1720 
pounds. 

Ultimate Factor of Safety. - The ultimate factor of safety shall be 1.25 
for parachute recovery conditions. 

Ground Loads Criteria 

Ground loads are incurred in two separate phases; ground launch and 
ground handling. The original criteria (for theBQM-34E) included a 
requirement for ground impact which has subsequently been deleted. 
However, structural strength for this condition, which is defined in 
Table 3-15, still exists. 

Ground Launch Criteria. - The ground launch weights are shown in Table 
3-15. The limit design thrust of t!ic JATO unit shall be taken as 14,000 
pounds. 

Loads shall be determined for the specified conditions at center-of-gravity 
locations determined by weight amlysis. In addition, loads shall be deter- 
mined for actual w-eights and center-of-gravity locations for a range of 
mission weight distributions. 

Gi'ound Handling Criteria. - Loads shall be determined for shipping, 
hoisting, jacking, and carting. The w-eights and load factors for these 
conditions arc presented in Table 3-15. 

Ultimate Factors of Safety. - The ultimate factor of safety shall be 1.5- 
for ground launch (bottle ignition) and ground handling and 1.25 for 
ground launch (bottle burnout). 



Water Loads Criteria 


Water-Impact Load Factors. - For water impact, the structural design 
load factors listed in Table 3-15 arc 7.5 vertical, -!:3.0 longitudinal, and 
±4.0 lateral. These criteria, which were used for Ijotli the XBQM-34E 
and the BQM-34E, were based upon calculated values (and past experi- 
ence) and were demonstrated to be adequate during controlled drop tests 
and during XBQM-34E flight operations. 

Gross Weigh t av\d Center-of-Gravit y Locations. '- Water-impact loads 
shall be determined for the wcigiit shown in Table 3-15 and for the centcr- 
of-gravity location determined Ijy weight atwlysis. In addition, loads 
shall be determined for actual weigiits and center-of-gravity locations 
for a range of mission weight distributions. 

Sea Conditions. - Since the craft is an unmanned vehicle descending on a 
parachute rather tlian a seaplane landing at relatively high velocities, no 
investigation of the effects of different sea states on water-impact loads 
has been made. The criteria contained herein are intended to provide 
structural integrity for landing under reasonable sea states (3 or below). 

Ultimate Factor of Safety. - The ultimate factor of safety shall be 1.25 
for the Vvater-impact condition. 

3. 3. 2. 2 Suppleinent to Preliminary Structural Design Criteria 

This supplement is to be utilized in the event that a mid-air recovery 
system (I\IARS) is to be incorporated on the modified BQM-34E research 
vehicle. The MARS will be identical to the system incorporated on the 
BQM-34F; hence this criteria is developed from the BQM-34F criteria. 

The major change required to convert the recovery system from the 
standai’d drag-main parachutes (on the BQM-34E) to the drag-main/ 
engagement system (on the BQM-34F) is the exchange of parachutes and 
attachment of the slightly longer container. Hence, the pi-eliminary 
structural design criteria for the BQM-34E researchvehicleareapplicable 
to all aspects of the vehicle operation except for MARS. The preliminary 
structural design criteria for the craft with MARS are summarized in 
Table 3-16. 

Drag Pai'achute Deployment 

The drag-parachute deployment criteria for the research vehicle shall 
remain unclianged. 



TABLE 3-lG 


STRUCTUI^AL DESIGN Cimi-HIA SUMMABY, 
MAKS RECOVKKV 


CONDITION 

DKSIO^i 
OH OSS 
WKiGIiT 
(pounds) 

ULTIMATE 

FACTOR 

OF 

SAFETY 

.MAXIMU.M LIMIT 
LOAD FACTOR 

COM.MENTS 

n 

X 

n 

y 

n 

z 

FREE FLIGHT 


1.25 





CompiL-te Tarj;et 

2500 





Subsonic (Aith fuel r<xl) 


2037 





SupersoQic (without fuel pod) 

S>'mmetrical Maneuvers 





-2. 0 to 5. 0 

=1.5 rad. /sec.“, basic 

Asymmetrical Maneuvers 





1. 0 to 4. 0 


Gust 






27 fps (E.AS) at V|^ 

C.APrrVE FLIGHT 

25*14 

1.50 





Taxi, Takeoff. Landing 



4 2.50 

± 1.5'J 

-3. 0 to 6. 0 

Kor design of altaeh;nenis and 







sway braces. Leads act blmul- 







taneously. 

Gust 






50 fps (EAS) at Vj, of DP-2E. 

P.AR.ACIIUTE RECOVERY 


1.25 





Dr.ng Parachute IVoloyment 

1250 to 


-12. 0* 

A 3. 0* 

6. 00* 

Based upon 15,000-lb. para- 


202 S 



• 


cluitc load. 

Maln/Engagcment P;trachute 







Deployment 

1922 

- 




Based on test or acutlysis 







(Minir.iuim load of 12, OUO lb. 







per BQM-34E criteria. ) 

HELICOPTER RETRIEVAL 

1571 to 

1.50 






1720 

• , 





Pickup and Towing 






Maximum load factor of 2. 0 







acting w'ithin 45* of positive 







7. a.xls of target. 

Docking 



0 

0 

2.0 





0 

* 1.0 

1.0 





± l.O 

0 

1. 0 


GROUND LOADS 


1.50 





Ground I^'iunch 

2900 





[ncludes JATO unit and fuel pc<l. 


2100 


7. 00* 

i 1.50* 

2.40* 

Includes JATO unit. 







Ground launch loads aral load 







factors based upon vL\TO thrust 







of L4.00U pounds plus engine 







thrust. 

Ground Handling Ix)ads 







Shipping 

1900 


i 4.0 

± 1.33 

±2. 0 


• 

Hoisting 

2S44 


±0.4 

±0.4 

2. 67 


acts alone and in combination 

Jacking 

2544 

' 

±0.5 

* 0. 5 

2. 0 


with horixoQtal load factors. 

Carting 

2544 


*2.0 

± 1.33 

2.0 


_ 

WATER LOADS 


. 





Water Impact 

1720 

1.25 

± 3. 0 

* 4. u 

7.5 

Load factors act icdependcntly. 


NOTE: For flight with fuel iwd (J500 lb. ), V,, anj V| are M . ih and M 1. 05. For flight without fuel pod (2037 lb. ), Vjj and 
Vl follow constant dynamic pressure lines from .M 1. 1 to M 2.3 and from .M 1.2 to M 2.5. 

•Used for equipment lastallution. 




Page Intentionally Left Blank 



Muin/En»a;;cmciU . Paracimlc - Main/cngagcmeiit parachute 

criteria arc sunun^izcTrn Table .‘i-iO. l.oacis gcncratccl from these 
criteria shall nut be less tlian those for a standard (no-MABS) s3-stcm. 

Additional Load ing Conditions - Helico pter Betrieval Loads Criteria 

In the event that MAJ!S is incorporated into the BQM-34E research 
vehicle, the stnicture siiall be capable of sustaining loads developed 
during helicopter pickup, towing, and docking operations. 

Gross Weights and Center -of-Grav ity Locations. - Helicopter retrieval 
loads shall i)o determined for the range of weights shovm in Table 3-16 and 
for the center-of-gravity locations determined bj' weight analysis. 

Helicopter P ickup and Towing. - The maximum load factor acting at the 
center of gravity of the vehicle during Itclicopter pickup and towing shall 
be 2.0. The line of action of the pickup or towing force shall be con- 
sidered to lie anywhere within a cone generated at 45 degrees to the 
positive Z axis of the aircraft. These criteria are based on past experi- 
ence and have been used successfully on other Teledyne Eyan pilotless 
aircraft. 

Docking. - The niaximum load factors for docking are presented in Table 
3-16. 

Ultimate Factor of Safety. - The ultimate safety factor shall be 1.5 for 
retrieval conditions. 

3.3.3 Structures and Weights 

3 . 3 . 3 . 1 Wing Location Structural Evaluation 

The four different structural design config-urations (Paragraph 3.3.1) for < 
joining the wing to the fuselage w'ere evaluated in depth. The configura- 
tions are quantitatively rated and ranked in an orderly fashion to help 
facilitate a design decision. 

The fuselage structure evaluated reacts the wing and provides overall 
bending and shear continuity to the fuselage. This portion of the fuselage 
contains fuel, and sealing is a consideration. The structure affected 
by the trade includes fuselage skin, frames, bulldieads, longerons, and 
fittings in the center section region betw'een Stations 235. 5 and 274. 59. 



Other systems which maj' be affected Iw t!ic wing location are the fuel 
plumbing and scaling, the inlet duct, and the electrical liarncsses. 

Design Alternatives (Sec Referenced Drawings) 

The four wnng locations evaluated arc as described below; 

a. Configuration 1-30-1, standard fuselage. Wing center box 
with provisions for attaching to the original wing mounting 
points on the fuselage. 

b. Configuration 1-30-2, standard fuselage. Low midvang 
bolted to side of fuselage. (A continuous wing would inter- 
fere v.dth the inlet duct.) 

c. Configuration 1-30-3, stretched fuselage. New center plug 
with provisions for attaching low midwing of continuous 
construction. 

3 

d. Configuration 1-30-4, standard fuselage. Wing located 
below fuselage. 

Method of Evaluation 

Each configuration was evaluated for the following items, called figures 
of merit: 

a. Weight (pounds) of airframe 

b. Vehicle aerodynamic performance 

c. Costs 

d. Manufacturing schedule 

e. Operational characteristics 

Certain pai’ameters were associated with each mei’it item. These para- 
meters are showi in Table 3-17. Merit points were assigned to each 
pai'ameter on the basis of its relative importance. 

The advantages and disadvantages for each config-uration were compared 
and ranked in a matrix.. Table 3-lS is a tabulation of the comparison. 

The relative importance of each pai’ameter and its influence on the design 
decision were accounted for with this table. 



TABLK 3-17 

FIGURES OF iMKRIT, ASSOCIATED I’AiJA.M ET FRS, WEIGHTING FACTORS 


Figure of Aferit 

Parameters 

Points 

Weight (100 pts) 
. 

o 

Weight 

100 

A ero-Pe rformance 

» 

(Sq. Ft. ) Wetted Area 

25 

(100 pts) 

o 

!■'. R. Equiv, - body fineness ratio 

25 


0 

{[ Horizontal Tail Vol. 

25 


c 

V Y Vertical Tail Vol. 

25 

Unit Costs (100 pts) 

e 

Fabrication Complexity* 

Total 100 


c 

Quality Assurance* 



0 

Producibility* 


. 

0 

Ability to Hold Tolerance* 


Ivlanufacturing Schedule 

0 

Fabrication Complexity 

35 

(100 pts) 

o 

Geometric Restrictions 

25 

- 

. 

© 

Quality Assurance 

5 

' 

0 ■ 

Ability to Hold Tolerance 

10 


o 

Producibility 

35 

Operational Character- 

© 

Susceptibility to Damage 

40 

istics (100 pts) 

0 

Maintainability, Repairability, 
and ease of field assembly - 



0 

Reliability 

10 

- ■ 

0 

Safety 

20 


’'Parameters which affect more than one figure of merit 
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The final evaluation of each configuration was based on the number of 
merit poiiits ('anied. Kach point is a mark against the configuration. 

The caiulidate design with the lowest total was considered the best selec- 
tion. Tal)le 3-J.9 is a summation of points for. each configuration. 

Fina l Selection 

The evaluation of the alternative configurations is summariz.cd as follows: 

a. The high wing, configuration l-oO-l, scores best, e.xcept for 
the fact that. this location is not typical for transports. 

b. Faijrication of a new center plug and stretching of the fuse- 
lage are quite expensive relative to the other configurations. 
The increased wetted area gives it a poor aerodynamic ranking. 
Fabrication complexity and impact on other systems rank high 
relative to the alternative configurations. 

c. In configuration' 1-30-d, the bottom of the fuselage does not 
score well acrodynamically and ranks third from an opera- 
tional standpoint. 

d. Configuration 1-30-2 is the most feasible wing location, 
based on the total evaluation of all items. 

3. 3. 3. 2 Structural Analysis 

A structural analysis was perfonued on the fuselage center section to 
substantiate the feasibility of mounting the NASA research wing to the 
BQM-34E fuselage. The internal load distribution generated by tl\e wing 
reactions on the fuselage w^as determined, and an estimate was made of 
modifications required. 

For analysis purposes, the fuselage center section between XF 23,3.5 and ■ 
XF 274.59, where the wing is located, was isolated in a structural model. 
The. wing introduces lai'ge concentrated loads, at the attachment points, 
which are required to be distributed into tlie shell; In addition, this sec- 
tion provides overall bending and shear continuity to the fuselage. It 
also affords fuel containment and is subjected to fuel pressure. 

Configuration 1-30-2 (wing bolted to fuselage side) was analyzed in detail. 
The structural concept requires a two-piece wing, consisting of a left 
and right-hand panel. Wing continuity or carrythr.ough structure is 



EVALUATION 



'= Same for all 
































provided I)}- the fuselage, which is modified to accommodate the wng. 

This modification consists of tlm following items; 

a. Three new frames, wliich seiwe as the main carrythrough 
structure. 

b. A left and right-hand wing attachment fitting. These fittings 
comprise the structural link between the wing' and the 
fuselage. 

c. The tic bars w'hich connect the ends of the hoi’seshoe- 
shaped frames and provide’ fuel -containing facilities to 
replace the original wing structure wiiich performed this 
function. 

Construction consists of a conventional semimonocoque frame/longeron 
shell structure. The material is aluminum alloy. Drawing No. 166SCVV014 
depicts the configuration. 

The fuselage structure in the region of the wing attachment is idealized, 
into an analysis model winch describes the geometry, reactions, materials, 
and the structural elements. The finite elements include rods, bars, and 
shear panels. These elements and the computer program formulations 
are described in Reference 11. The program computes displacements, 
reactions, and internal loads on the finite elements. The wing reactions 
are applied as concentrated loads at the attacliment points. The portion 
of structure between XF 233.5 and XF 274.59 is isolated into the analysis 
model (Reference Drawing; No. 16CSCW014). Appropriate reactions are 
provided at these stations. 

Input 

The structural analysis input data consists of the following items: 

a. Geometry 

b. Idealization ; 

c. Structural elements and sizes 

d. Material properties 

e. Reactions (constraints) 

f. External loads 

These items are described and presented on the following pages for the 
different structiiral conligurations used in this feasibility study. 


100 



-A 


Frame Tie Bar 
(3 Places) 




Grid Points and Shear Panels 
























Analysis - Configiiralioii I-:! 0-2 

External Loads. - Loads representing tiic 5-g symmetrical mancuv'cr 
flight condition are applied to the center section. Wing bending and shear 
loads arc distriliuted equally to the three fuselage frames. Torsion is 
reacted by tlic frames at the forward and aft spars. 

Fuselage Ijcnding and sliear resulting from loads a])plied on the forward 
fuselage are applied at XI" 233.5. The section is fixed at XF 274.59. 



Wing Root Loads (Ultimate) 


- Fuselage 


M = 379,332 in. lb. (ult.) 
T = -15, 000 in. lb. (ult. ) 
V = 8, 130 lb. (ult. ) 


Condition; Sym. Balanced 
5g Maneuver 



Resolve Loads Across Fuselage 



M' “ M cos 0 - T sill 0 

= 370332 cos 33.05“ - 15G00 sin 38.95“ 

" 285I0G in. lb. (ulL. ) 

T' = T cos 0 + .M sin 0 

= 15G00 (0.77760) + 370332 (0.6286-1) 

= 250505 in. lb. (ult.) 

V S130 lb. (ult.) ■ 

Loads - Win iy Reaction s on Fiiselago. - Assume M' and V are shared 
equally at tln+jc Iranics. 


M/Frame = 


M' 

3 


2S5J06 


95005 in. lb. (ult.) 


r, /r- V' 8130 

P^/Frame== — = 

V 3 3 

= 2710 1b. (ult.) 

M/frame is coupled into the frame as showi below. 



2.G 


-X 


M 


95065 

2.6 


= 36563 lb. (ult.) 


Torsion, T', is coupled between the forward and aft frames. 



Torsion 



p = T' ^ 250595 

~ 12.4 " 12.4 

= .4:20209 15. (ult.) 


SUMMARY OF APPLIED .WING LOADS ON FUSELAGE (ULTIMATE) 


GRID POINT* 

XOb.) 

Y 

z at>.) 

21 (25) 

36563 

0 


22 (24) 

-36563 . 

0 

22920 

30 (34) 

36563 

0 

- 

31 (33) 

-36563 

0 

2710 

39 (43) 

36563 

0 

- 

40 (42) 

-36563 

0 

17500 


*See Idealization 

(25) indicates opposite hand grid point 


Forward Fusejage Loads 

i 

XF 233.5 shear and bending (limit) 

i 

I M = -170G45 in. lb. 5-g sym. maneuver 


V 


-3015 lb. 





Output. - The results of the computer analysis include the following data: 

a. Internal forces and stresses in bars, rods, and shear 
panels. 

✓ 

b. Deflections 

c. Reactions 

These results are summarized and presented in the following pages. 

Only the significant loads ai’e shown. The detailed output for each element 
is included in Reference. 12. 

Output - Longeron Loads. - Critical. longeron loads are tabulated below. 



LONGERON 


LOAD 

PART NO. 

ELEMENT NO. 

(lb . , ult . ) 

166F295 

334 

19317 Ten. 

166F268 

339 

15266 Ten. 

166F260 

361 

-16252 Comp. 


109 




Skin Shear Loads. - Critical skin sliear loads are shown below 




EL EM I-:NT 
NO. 


STB t:ss 

(psi, alt.) 


SHEAR FLOW 
(lb. /in., nit.) 


11926 

26669 

17150 

11237 

36762 

20728 

2416 


Frame Loads. - The forward wing attachment frame internal loads are 
shown below. Loads are symmetrical about the vertical and centerline 


ROD NO. 

M (ult.) 
(in. /lb. ) 

^axial 
(lb. , ult. ) 

SHEAR . 
(lb. , ult. ) 

390 


-4875 


517 

-36741 


4600 

518 

-56590 

9628 

3160 

519 

48568 

-5314 

-29125 

520 

12000 

11189 

5299 




























, Stress Analysis 


A stress analysis was made on the ci'ilieal stiaictnral elements to detei - 
mine their aljility to earry the loads sliown on the preceding pages, the 
most critical elements a la* certain panels that comprise the fuselage shell 
and the frames which react the wing loads. Ihe skins undergo severe 
diagonal tension, and it is recommended the 0.050-inch basic skin be 
reinforced with an 0.012-inch doubler over several panels, 'ihe frames 
experience large bending loads and must be adequately stiff to prevent 
large wing dcllections. 

Part No. 1GGF2GS Longeron 



Tension across net section: 

P - 152GG lb. (ult.) 
A = 0.542 in. 2 

f _ Z - ^52GG 
T ~ A “ 0.542 

= 28166 psi 
F = 76000 psi 


MS 


76000 

2S166 


1.69 


12 



The tension fitting end of the longeron is annlyzecl as an ang 
with a iiAS62G bolt, using' nu'lliods of Helcrence 2. 


0.2U 


B =-• 1.21 

C - O.Gl - 

A -i- B 
a = - 


a - 


) - 

2 


0. 20 


2 


0.20 


2 

B 

- 0. 


4-d\ 

\ 2 / 


- 1.-15 
= 1.11 
= 0.51 


y 


0.375 
i “ 2 

0. 646 


^ = o 

o 2 


t - 0.20 
w 


Ag a t 


w 


^ 0.3005 c = 0,637a = 


0.2'3Sa'‘^t = 0.0322 


w 


Wall Stress 


Axial load, f 


tu 


tu 


Ag 


1 G150 
. 0.512 


= 31543 psi (ult.) 


Bending stress, f, : 
bu 


M = P (c-b) = 16150 (1.5191 - 0.3005) 
M = ,3530 in. /lb. (alt.) 

M c 


f, 


f, 


bu I 

3530 (0.407) 




bu 


0.0322 


f, = 4461S psi (ult.) 
bu 


;lc-type fitting 

0.1S75 

0.322 

0.512 

0.5191 



Net Stress: 


+ 44GIS 


F. 


bu 


76161 psi (uU.) 

i-25 = 95000 psi 


Fnd Pad Stress, f 

buo' 


MS 95000 
761cT 


= 0.230 


a - d 

y ~ 1.599 

o 




0.55 


f. 


bue 


12 


i£ l50 (l.SoW O^'Sfi) 
0 . 39 ^ 


bue 91103 


psi 


bue ~ 76000 (1.5) = 21 


1000 


MS = ll^iQOQ 

91103 ^ 




Part No. K;GF2^0 Keel. - Tiie keel orivvinally served to distribute the 
vertical reaction ot the exiernal luel tank to frames and to react bending 
loads. Its function in the NASA research vehicle is primarily as a 
longeron for fuselage bending loads. 


Geometry; 



oso 


Material; 707r)-TG51 
Area = . 64S in. ^ 


CL 



Material = 7075-T6Si 

Area = 0. 648 in. 

Maximum compression, f(.: 

P = -16252 1b. (ult.) 

_ _P _ 16252 ■■ 

c ~ A ~ 0.648 

= 25080 psi (ult.) 

Allowable compressive load, F : 

ccr 

2 

K ^ E 
c 

^cer 12 (1-U“) 



2 



-4.0 for center 
= 0.‘13 for fhinive 


Reference 4; TaIRe 7 


b “ J.7 1 in. for center 

b - 0.75 in. for flange 

u 0.50 
E = 10.5 X 10^ psi 

t - 0. OS in. 


cr 


0 6 / \2 
4 10.5x10 /0.0S\ 


center 12(1-0.3“) 


U.T4 


S0247 psi > F 


cy 


2 G 

0.43 F 10.5x10 


cy 


flange 


f Q.08 

12(1-0.3^) \0.75 


46430 psi 


Margin of safety: 


46430 

25080 


0.851 


Skin Panels. - The slan panels which comprise the fuselage shell experi- 
ence liigh shear tlov.’s during the 5-g symmetrical maneuver. These 
loads are mainly due to coupling out of the wing torsion into the shell. 




Loads; elements 102G and 1018 are critical; 


q 102G ~ 18:58 lb. /in. (uU.) 

q 1018 - l;i:53 lb. /in. (ult.) 

Shear sti'css, f,,; 

■ ^ - S, - ^S38 

s " t ' 0.0G2 . 

f ^ 29645 psi 

, s . 

Shear buckling allowable, F 


scr 


/t\2. 
K E , 
s \bi 


a 6 


= 1.2 


b2 


52, 


Rt 12.5(0.062) 


= 32.25 


.‘,K = 14 (Reference 5, page 396) 

s 


E = 10.5x106 


^6 /0.062' 

F = 14x.]0,5xl0 

scr \o 


F = 22638 psi 
scr ^ 


..•.semitension field 


S _ 29645 

F ~ 22638 
scr 


1.31 


.‘.k = 0.12 (Reference 3; page 407) 



ta 0,062 (6 • 

— = — = 0.69 

Ae 0.542 

tan a = 0.98 (Itefei'ence 5; page 408) 

a = 44'’25' 


F = 32800 psi (panel allow, Reference 5; page 410) 

sw / 

./ . . 


Panel margin of safety: 


MS 


32800 

29645. 


0.10 


3 . 3 . 3 . 3 Structural Configuration 

The structural configuration selected for the NASA research mng is 
shown, in Figure 3-54. ■ The wing consists of the following items: 

a. Wing structural box 

b. A machined root rib 
• c. Leading edge' 

d. Trailing edge 
Wingtip 

f. Leading and ti’ailing edge flaps 

g. Ailerons 

The %vingbox is of full -depth sandwich honeycomb construction. Its 
tapered skins are adhesive bonded to the core. Lightweight sheet metal 
spa,rs bonded ta the skins and core form the spanwise sides of the box. 
Th^ root rib is attached to the inboard ends of the skins, core, and' spars 
Provisions are at the outboard ends for attaching a fiber-glass wingtip. 
The leading and trailing edges attach at the spar flanges, flush with the 
center-box skins to form a smooth, aei'odynamic surface. Movable sur-r 
faces are appropriately hinged from the leading edge spar and frames 
housed in the trailing edge. The wingtip and trailing edge are of fiber- 
glass construction. The remaining wing structure, including the honey- 
comb core, is of aluminum alloy consti’uction. 



The movable surfaces arc actuated by hydraulic units located in the 
leading and trailing edges. Appro|)riato pushrods, bell cranl;s, and 
fittings link each movable surface to its actuator. A uang fillet fairing 
is provided. / 

A qualitative evaluation of the configuration indicates that the weight- 
cost comparison relative to other concepts is good. Fabrication com- 
plexity is not great, and susceptibility to damage compares with alterna- 
tive designs. Teledyne Ryan Engineering and Manufacturing have had 
much experience with this type of structural configuration as fabricated 
from both metallic and advanced composite materials. Technical risks 
are not high. 

The configuration lias a multiplicity of load paths, and any local damage 
is not likely to affect surrounding structure. Wing bending, shear, and 
torsion loads arc carried by the center box. The root rib redistributes 
these loads and reacts them into the fuselage attachment bolts. Loads 
on movable surfaces and leading and trailing edges are distributed 
directly into the wdng box. Loads on the actuating systems are not 
severe. Adequate space exists for installation of the actuator systems, 
and ease of accessibility is provided. 

The concept offers an aerodynamic surface with a high degree of smooth- 
ness and lends itself to fabrication, 

3. 3. 3.4 Mass Properties 

The weight and balance for the NASA wing feasibility study (low wdng) is 
presented in Table 3-20. The liase vehicle is the BQM-34E (Reference 7), 
modified to include the new wing, control surfaces and controls, MARS 
system and repositioning of the wing and area rule fairings. The payload 
consists of a shaker installation and available volume located at Bod^'- 
Station 213. The density used for this volume is 45 pounds per cubic 
foot. Additional allowances for payloads are covered in Paragraph 3.3.2. 

The center-of -gravity travel is considered to be for level flight and to be 
linear from a zero -fuel -weight configuration (29. 93 percent MAC) to a 
gross-weiglit configuration (10.56 pei’cent MAC). With the present 
systems and payloads, no ballast is required. If any equipment is modi- 
fied, replaced, or removed, further study should be made to determine 
the effects on the center-of-gx'avity travel and the possibility of ballast. 


HORIZONTAL 


VERTICAL 



V.T. 

VEtCMT 

,\RM 

MOME.NT 


MOMENT 


(1) 

(Lbs.) 

(In.) 

(In. -Lb.) 

1 ■ 

DB 

(In. -Lb.) 

Aorocyn-'inic Rurficcs 

(-F5.0) 

(214. 10) 

(290.6) 


(47.2) 

(10116) 

Wing (Kew iucl. 

+ 5 . S 

162.40 

270.9 


41.0 

6653 

Fairing) 







Fin (1) 

0 

31.73 

346.4 

10990 

73^1 

2320 

Stabilizer (1) 

0 

19.97 

362 . 3 

7239 

57.0 

1133 

Rnciv 

(+12.7) 

(271.61) 

(245.3) 

(57043) 

(51.6) 

(14005) 

N’ose (1) 

0 

101.02 

181.9 

13378 

. 54.2 

5471 

Center (1 + Mod) 

+12.7 

• 115.30 

264.2 

30434 . 

40.0 

5543 

Tail (1) 

0 

55.20 

329.4 

18131 

54.1 

'2936 

Take-Off & Recover;- 

(+43.7) 

(i’65.2S) 

(373.5) 

(62563) 

(56.9) 

( 9405) 

TakC"*’jtf (i) 

0 

6. So 

257.4 

1771 . 

60. 3. 

416, 

Recovery (2) 

+43.7 

153.40 

333. S 

60792 

56.7 .. 

8989 

Propulsion 

(+13.1) • 

(498.20) 

(237.1) 

(143042) 

(49.3) 

(24546) 

Air Breathing Sys(lj 

0 

443.40 

291.5 

129250 • 

49.4 

21396 

Fuel & Lub (1+MoJ) 

+13.1 

54130 

251.7 

13792 

48 .4 

1 

2650 

Power Generating Systcia 

( 0 ) 

(125.40) 

(219.8) 

(27560) 

(55.2) 

( 6917) 

Electrical - AC(i) 

0 

12.20 ■. 

184.0 

2245 

54.6 

666 ■ 

Electrical - DC(1) 

0 

113.20 

223.6 

25315 

55.2 

6251 

Orientation Contr 

(+42.0) 

( 77.80) 

(316.0) 

(24587) 

(48.5) 

( 3772) 

Stabilator & Rudder 

0 

35.80 

353.2 

12645 

57.3 

2050 

Leading Edge Flaps- 

+ 14.0 

14.00 

276.8 

3375’ 

41.0 

574 

(New) 







Aileron (New) 

+23.0 

28.00 

233.1 

8067 

41.0 

1148 

Guidance & Electronics 

(-41.0) 

( 39.00) 

(171.7) 

(15243) 

(53.5) 

( 4761) 

(New) 







Environmental Protectio; 

( 0 ) 

( 19.70) 

(285.9) 

( 5632) 

(50.8) 

( 1000) • ■ 

(1) 







Hydraulic System (New) 

(+20.0) 

( 20.00) 

(240.8) 

( 4816) 

(49.8)' 

( 996) 

Payload (Nesv) 

(+119.9) 

(119.93) 

(166.1) 

(19923) ■ 

(53.3) 

( 6451) 

Shaker Inst'l 

+ 95.1 

95.13 

153.9 

14641 

54.0 

5137 

Avail 0 Body Sta 21' 

+ 24. 8 

24.80 

213.0 

5282 

53.0 

1314 

Area Rule Fairing (New) 

(+ 23.3) . 

( 23.3) 

(260.6) 

( 6072) 

(55.0) 

( 1281) , 

Forward 


14.4 

205,0 

2952 

55.0 

792 

Mid 


5.0 

312.0 

1560 

55.0 

275 

















TABLE 3-20 (Continued) 


WEIGHT AND BALANCE SU^IMABY, 
NASA WING STUDY (LOW WTNG) 


\ 

HORIZONTAL 

• 

VERTICAL 


WT. 

WTIGIIT 

ar;-! 

MOMENT 

ARM 

MOMENT 


(1) 

(Lbs.) 

(In.) 

(In. -Lb.) 

(In.) 

(In. -Lb.) 

Aft 


3.9 

400.0 

1560 

55.0 

214 

Miscellaneous (1) 

0 

< 3.30) 

(160.4) 

( 559) 

(112.7) 

( 372) 

- 

Weight Enipty 

(+26A.5) 

(1627.62) 

(269.89) 

(439268) 

(51.33) 

(83622) 




(31. IG'J)''^ 

) 



Unusable Fuel 

(1.1) 

( 5.1) 

(241.6) 

( 1232) 

(42.9) 

( 219) 

Main (1) 

0 

4.0 

272.0 

1038 

40.5 

. . 162 

Aux,n (2) 

+ .7 

o 0.7 

199.8 

140 

50.0 

35 

Aux#2 (New) 

+ . 4 

0..'t 

260.2 

104 

55.4 

22 

Unusable Oil (1) 

0 

( 2.3) 

(299.0) 

(688) 

(43.0) 

( 93) • 

Oil - Usable (1) 

0 

( 9.3) 

(221.5) 

( 2060) 

(43.0) 

• ( 400) . 

Zero Fuel Weight 

(+245. 6) 

(1644.32) 

• (269.56) 

(443248) 

(51.29) 

(84340) 




( 29.93%) 




Fuel (JP-5) Gal 

(+110.8) 

(373.8) 

(244.7) 

( 91457) 

(50.1) 

(18730) 

Main (1) 38.7 

0 

263.0 

254.2 

66355 

48.7 

12303 

AuxZ/l (2) 10.3 

+ 70.0 

70.0 

199.8 

13936 

52.6 

3682 

Aux//2 (New) 6.0 

+ 40.3 

40.8 

260.2 

10616 

56.0 

2240 

Refrigerant (1) 

0 

( 8.3), 

(128.3) 

( 1069) 

55.3) 

( 459) 

Gross VJeight 

(+35C.4) 

(2026.42) 

(264.39) 

(535774) 

(51.09) 

(103529) 

’ 



(10. 56T) 




LE-'IAC = 261.57 







MAC = 26.70. 






- s 

(1) Report No. TRA 16( 

44-22, Act 

1 . 

ual Weight Report for BQM-34E Supers 

onic Aeria 

Target, 

Serial No. BQ-161S1, dated 4 M.ay 1972. 


- 




(2) Report No. TR.A 1C644-25, Actual Weight Report for CQM-34F Supersonic Aerial Target, dated i 
4 February 1972. 


(3) Percent mean aerodynamic chord (MAC). 
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3. 3. 3. 5 Aclvancctl Composite Components 


Tlic capabilities of aci\-aiiccd composite materials in airframe sU'iictures 
can be demonstrated bv the application of these materials to small com- 
ponents, such as a skin panel, flap, aileron, rudder, or part of an 
empennage. The development of advanced composite technology has 
progressed along these lines, and many do's, don'ts, and warnings have 
evolved from these ty])e.s of application programs. The technical 
approach to achievement of a design objective with advanced composite 
mateiials may be summari/.cd as follows: 


a. Dcsign/analysis 

b. Fabrication 

c. Test 
PesignAnaly sis 


This phase of the technical appx’oach begins with a structural cemfiguration 
and a design criterion. From this, geometry, external loads, sizes, and 
advanced composite material propei'ties are generated. Figure 3-59 
shows an outer wing panel fabricated from composite materials by 
Teledyne Ryan. This panel is a component on Teledyne Ryan's AQM-34R 
drone. An automated, iterative, design/analysis procedure showm in 
Figru'e 3-60 was used to substantiate the- outer wing panel design. The 
procedure involved three separate but coupled types of analysis: laminate, 
structural, and flutter. 

Each analysis required a courputer progi’am. The analysis cycle involved 
an inner strength loop and an outer Rutter loop. The inner loop started 
with the laminate analysis program, which was used to generate stiffness 
matrices for the plate elements used in the sti’uctural analysis program.. , 
Ply orthotropic material properties, ply orientations, and allowable 
strain data were part of the input. Information from this phase was 
used as input in the structural analysis program to determine internal 
loads. The internal loads on the finite elements were then cycled back 
into the laminate progi’am and were used to perform a point stress analy- 
sis of the laminate. Each ply in the laminate wois analyzed for its critical 
failure mode, and margins of safety' were calculated. 

The structure was idealized into an analysis model which described the 
wing geometry, reactions, materials, and the structural elements. The 
finite elements included rods, shear panels, and plates. The composite 





Final Design 



Figure 3-()0. Analysis Approach and Cycle 






laminated skins were represented as orthotroinc triaii'^ilar membrane 
elements.’ The pro;;ram com.puted displaeoments, reactions, and internal 
loads for the desia,n load conditions. The loads on Ihc composite skins 
were cycled into ll)e lami))ate analysis program, and a point stress analy- 
sis was ()ej foriiicd. Figure d-Gl shows the structural analysis procedure. 
An elastic-axis beam representation of the structure was used in the 
iluttor analysis loop utilized. Orth.otropic beam elements were employed 
to determine El and GJ stiffness properties. 

Detail analyses were also performed on adhesive bond lines, joints, and 
stability failure modes. 


Fabrication 


This phase of the technical approach includes the follov/ing broad items; 

a. Materials and test program 

(1) Characterization of a resin system 

(2) Tests to determine the mechanical properties of the 
material system to establish design allowables 

(3) Development of adhesive data 

(4) Development of tests and specifications 

b. Manufacturing and quality control 

(1) Fabrication techniques 

(2) Autoclave versus vacuum bagging 

c. Tooling development 

(1) Structural concepts - tradeoffs 

(2) Tooling materials 

d. Manufacturing engineering 

(1) Tolerance requirements 

(2) Bonding processes 




INPUT 

1. 

St fuel i; rai Meai izaiion 

2. 

WiUK' Geometry 

3. 

Materia! 1- ro [ >e r i i e s 

•1. 

Klcn’iL’iU Si?A*s 

5 . 

Constrri inis 


Computer 
Program IGIT , 


E'l„F,Mt;N[' l>Uur> 
/ Plate StiiU'.e: 


Gontputcr 
Program 1500 , 


STRUG T U ! I A 1. A N A I, VS IS 
(Triangular Pla.lc Eleiiietus) 

1. Internal Loads 

2. Displacements 
2. React ions 


EXTERNAL I. GADS 


Computer 
I’rogram 1517 


LAMINA TE ANA LYSIS 

1. 

' Lamina Stress 

2. 

Failure Mode 

3. 

Margin of Safety 


DETAIL STRESS ANALYSIS 

1. Face Wrinkl ing 

2. IiUcrcell Buckling 

3. Core Shear 

4. Joiitts (Program LAP*) 


Figure 3-Gl. Stnictural Analysis Procedtire 












(3) Drilling, cullin'^, irimniing, Juicl routing 
('!) Assemlily Iccliniqucs 


c. QuaUt}- Coiurol 


a) 

Receiving arid inspection meetings 

(2) 

Nop.desl rue live tost methods 

(3) 

Process control 

(4) 

Fabrication control 

Tests 

. .... 



Component testing involves static and flight test programs. 

The static test is conducted to determine the flightworthiness of the 
component. The test substantiates the strength and stiffness integrity 
of the component. The test may or may not be carried out to failure. 

A flight test program is conducted to evaluate the environmental effects 
under actual flight conditions. The need for protective environmental 
coatings can be determined, and any evidence of excessive deflections 
or structui’al deterioration. can be noted. 

Representative panels of a v.ing or fuselage shell, such as stringer, 
plates, and skin-stringer combinations, are subjected to compressive 
and shear loads which demand consideration of their behavior in the 
design loading I'anges. Those structiu’al elements may be tested with 
conventional laboratoiy equipment with the use of conventional testing 
techniques. Initial buckling data, overall panel stiffness, ultimate 
strengths, and failure modes may be obtained and correlated with 
theoretical predictions. 

Teledyne Ryan has had considerable experience in the development and 
application of advanced composite comjx)nents for supersonic drone air- 
craft. A boron horizontal stabilator for the BQM-34E (supersonic 
Firebce II) was designed, fabricated, and ground tested. Later, Teledyne 
Ryan dcsigricd, fabricated, and tested three ultrahigh-modulus, graphite/ 
epoxj', horizontal stabilators. One unit successfully passed static and 
dynamic tests. The remaining surfaces were flight tested at Point Mugu, 
California. 



The application of aclvanccci composites to the BQM-3-1E liorizontal 
stabilators rosulted in a 10 percent weight reduction for tiic boron unit 
and 50 [icrccnt weight rcductior! for the graphite component over the 
existiiig nietallic con^ponent. Tiiis, in turn, permitted a reduction in 
ballast weight located in the vehicle nose. The thin aerodynamic surfaces 
on the BQi\I-34E arc stiffnes.s-ci'iiical; hence, the advanced composite 
materials could be used crficiently. 


One advantage of fligiit testing components fabricated from new and untried 
materials on an unmanned vehicle, such as the BQM-34E, is that the 
consideration of pilot safety is not involved. 

3.3.3.G Variable Stiffness 


Concepts for varying the wing betiding and torsional stiffness may be 
classified in tiiree Ijoard categories: 

a. Meclianical (arrangement of structural elements) 

b. Material changes 

c. Combination of mechanical/material 

Bending stiffness, El, and torsional stiffness, GJ, are manifestations 
of a mechanical/material system integrated into a structure, E and G 
moduli arc associated with the material, tliiclaicss, etc. , implicit in the 
sti’uctural arrangement. Quantitativeh-, I and J are expressed as follows: 

I -ZiAiYi^ ' 



Area of bending cap material 

Distance fi’om neutral axis to centroid of Ai 

Enclosed area of a torque cell 

Line integral around the periphery of the cell walls of 
thickness t 


Ai = 
Yi = 
A = 




Concepts for mechanically varyina: u-in:; stiffness of necessity involve 
these parameters. 

Fiouves [\-G2 tlu'oiisii .'i-GP. iiluslratc concepts that will achieve variations 
in bending and torsional stiffness. The following constraints ai’c assumed 
to be common for all the rncthixls: 

a. The uing planl'onn and acrod\'namic shape must be 
nuiintained. 

b. Tlie leading and trailing edges, flaps, ailerons, and con- 
trol systems remain unchanged. 

c. The external loads arc the same {same strength require- 
ments for all concepts). 

d. Stiffness variations arc achieved ■'Aith the wing box. 
Mechanical iUcthods 


The following scliemes are included in this approach: 

a. Variable spar cap and/or stringer areas (removable slugs) 

b. Skin covers , replaceable, wtth different thicknesses 

c. Variable torque iiox size 

d. For wings with many shear webs or stringers, a mechanical 
means for deactivating these elements to become structurally 
ineffective 

Eemovable spar cap slugs influence the bending stiffness two ways. As 
the area changes, the distance between its centroid and the bending axis 
changes. Increased area causes an increase in centroid distance, with 
a cumulative effect on the area moment of inertia. Wing mass wall 
change; however, its distribution can be controlled by selective area 
clianges. Inertia effects on aeroelastic characteristics should not differ 
Avidely. 

Skin covers which can be replaced b\- others of different thicknesses wall 
influence torsion chiefly. The line integral — will vary with a change in 
t. An increase in t will give, a corresponding increase in torsion stiffness. 
Inertia distribution will not change significantly. 



Into roll angalMe Jnseris 
Full Length of Spar," 



Figure 3-G2. Concept I, Variable V/ing Stiffness 
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^ig'Ui'Q 3-g3_ 


'icep^ 2, Viu-iable Win,,- c, •<- 

i>ltljrness 


Variable Stiffness Interchan;;ablc 
Wing Boxes Achieved by Changing- 
Fiber Orientation on Composite 
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Figure 3-G4. Concept 3, Variable Wing Stiffness 
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Figure 3-65. Concept 4, Variable Wing Stiffness 






N Joint is Detached by 
Removing Boll 


:tachable stringer joint 


Figure Concept 7, Variable 


Wing StilTness 



Chatigin^ of the oiiclosod urea of the torque cell is a very effective way to 
change the torsional slifincss, which is a function of area sciuarcd. 'J'his 
scheme, in conjunclion with changing of the cell wall (skin) thickness, 
will yield a wide variation in stiffness. Deactivation of structural ele- 
ments is anoiliei- approach tanlaniount to removal of stringer areas and 
changes in torque cell si/.c. 

The meclianical methods vary in cost, weight, fabrication complexity, 
ease of asscmi.lv, and reliability. This is also true for development and 
test progi’ams required to substantiate the concepts. 

Material Changes 


The use of advanced composite mateiials to achieve a variation in struc- 
tural response cannot bo overempiiasi/.cd. The orthotropic properties of. 
these materials make them superior to isotropic materials (metallics) to 
tailor a stnicture to specific strength and stiffness requirements. These 
requirements can be controlled through selection of the materials and 
lamination patterns. 

Advanced composite materials offer four sources of design freedom which 
may be utilized to tailor any desired stiffness. These sources are as 
follov/s: 

. a. Material selection 

(1) E -glass -epoxy 

(2) Graphitc-epoxy 

(3) B oron -epoxy 

b. Lamina (i)ly) orientation 

c. Lamina thickness 

d. Number of plies (lamina) 

Figure 3-69 illustrates the wide variation in El and GJ properties that 
may be achieved in a design. These curves are for a wing component 
designed by Tclcdyne Eyan. All of the curves will meet a common 
strength requirement. Figure 3-G9 indicates that El can be varied from 
12.5 to 92.5 X at the wing root. The w'eight change is not significant. 


















Sti'uctural confi;!;urations into whicli advanced composite matci'ials may 
readily be integrated with enntrolh'd stiffness properties arc as follows: 

a. Wing box full-dei)lh Iioneycomb core construction with 
adhesive bondeil composite skins. 

b. Removable shin covers with honeycomb panels fabricated 
with com))Osite facings. 

The tailorability and vcrsalililv of composite materials permit the design of 
a. structure for specific stiffness characteristics and strength requirements 
unmatched by other materials. 

3.3.4 Stability and Control 


3. 2. 4.1 Lo ngitudina l Ciuirae.t eristics 

A preliminary analysis of the research configuration (1-30-2) equipped 
vrith the liigli-aspect-raiio, supercritical wing has been conducted to 
determine the cstiiruited static longitucUnal staijility level and trim capa- ■ 
bility. The results indicate that this configuration, v.nth the existing 
hori/'.ontal tail, should k.ave .'ti^proxirnatcly the same stability margin as 
the NASA full-scale, fiigiit research configuration as well as adequate 
control power to trim tltc lift coefficient up to approximately O.SO. 

Data and Mctliod 

The data availalRc for the study is unpublished. It consisted of a plot of 
CmCL wing-body and wing-body-tail (Figure 3-70), Tiie \ring for 

the research configuration was assumed to be an exact scale of that of a 
NASA wind tunnel model, so tiiat the acrody namic coefficients for the 
v,4ng could be applied directly. No corrections were applied to account 
for differences in fuselage characteristics, and rigid aerodynamic data 
were used throughout. The static stability of the research configuration 
was estimated on the basis of this data. - The trim require- 

ments at the higher lift coefficients were evaluated by the use of the wind 
tunnel data, since the pitching mon\cnt data arc nonlinear with increasing 

lift; coefficient. 

1 

I 

L ongitudiiril Stability 

Wing -Body . - The lifl-cux'vc slope of the hori/.ontal tail of the NASA model 
was calculated Irom tlio tail incremental stability contribution 

;uu! subtracted from tlxe measured lift -curve slopes of 




Ihc wim) Uinnol test data to determine the \ving-!>odv lift-ciirv’C slope. 

The wing-body i.utching moiricnt derivative then determined 

from ’(Cn\&;jLj\y.i.p 5 _ 

Ilorixontal Tail. - Th.c horizontal-tail contribution to Cni^ obtained 
by corrcctiiig standard iiQ?J-;3-lE data in the presence of tlie body for the 
geometric chenges of the new wiiig. 

Dowinvash slope, de/dc/', was calculati-d by availai:)lo empirical methods 
to be 0.31 for low speed. Calculation of dowinvash by the same method 
for the NASA model tail location was approximately o percent Ira'gor than 
for the BQi\l-3 'E tail location. Tlie low-speed dowinvash was modified by 
the lift-curve slope I'aLio to obtain the downwash as a function of Mach 
number. J’or tiic NASA configuration, dc/dor at yjach 0,90 was calculated 
to be 0.46. An indoircndcnt check Ixiscd on staSjili/.er incicleacc effective- 
ness yielded 0.4G, The accuracy of this con oiation is pi-obably fortuitous 
but is nonctimloss cncournging. A value of horizontal tail dynamic pres- 
sure ratio of O.GO was usrsutned and applied with (1 - dc/da-) to obtain the 
horizontal “tail stability coi itribution in the presence of U\e wang. 



and the neutral point from 



The calculated stability margin is shown in Figure 3-71 in comparison 
with that for the NASA model. For similar tail volume coefficients (0.925 
for the BQM-34E versus 0.91 for the NASA model) and for similar verti- 
cal displacements of the horizontal tail relative to the uing chord plane, 
one would expect similar stability levels. 


The allowable center-of-gravit\' range is also shown in Figure 3-71. For 
■ consciwatism, the most aft center of gravity was established 0.05c for- 
wn.rd of the most forward neuti-al point. 

The most forward center of gravity was estaldished for the condition of 
-10 degrees elevator dcllcclion and a trim lift coefficient of O.SO, Use. 
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Fij^urc 3-71. L’stimated Sialic Slaijility and CG Rai’.ye 





was made of the wind tunnel data plots in these calculations because of 
the nonl incarities in (he pitciiing moment rIaUt at high lift coefficients. 

The allowable center-of-gi’avity langc shown in Figure is shifted 

approNivnatcly 10 inclics aft of the standard BQiM-;MF. range, but ballast 
. requirements should be alleviated by the more rearward wing location. 

T ri m Characteristics 

Elevator deflections required to trim are sfiown for a nominal center-of- 
gravity location of 0.25c in Figure ;j-'72 as a function of Mach number and 
lift coefficient. The nonlinear pitching moment data were again used in 
these calculations. No corrections were applied to the pitching moment 
data due to configuration differences because of the similarity in stability 
and downwash previously establislied. 

i 

j 

The limit Cl boun.dary shown in Figure 3-72 represents the limit of i 

linearity in the lift -curve slope data. These values of Cl correspond . , ; 

closely with an abrupt positive break in the pitching moment data. The j 

steepness of this Imundary at Urn design Mach number of 0. 98 indicates ' , 

the need for additional wind tunnel data in the ti'ansonic and low super- 
sonic Mach range. Based on the assumptions of the analysis, adequate j : 

trim power is available for the useable range of lift coefficients. Engine 
thrust effects v/ere not included in the trim equations. 

An indication of maneuver capability is showm in Figure 3-73. Normal.' | 

load factor is shown versus altitude for a gross weight range of 1800 to 
2400 pounds. Tiie lift coefficient at each Mach number corresponds to 
the limit Cl boundary of Figure 3-73. 

Conclusions 

Based on the results of this preliminary analysis, the existing BQM-34E 
horizontal tail appears adequate for both longitudinal stability and trim, 
in conjunction witli the superciatical wing configuration designated as 
coafiguration 1-30-2. Actual downwash data should be available for 
more refined analyses, and inclusion of acroelastic effects should- be 
cohsidcred if flight at high dynamic pressures is envisioned. 

NASA wind tunnel data indicate nonlinear pitching moments at a high lift 
coefficient. A better definition of this characteristic, b}' means of mnd 
tunnel tests of a scale model of the research drone, would be desirable 
« in the transonic INIach number range. 
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Figure 3-73, Model BQM-34E With Supercritical Wing 1-30, Eslimutcd Maneuver Capability 










Forc-Bocly Kffects 


An cstinialo lias l;(jon made, by means of Datcom methods, of the effect of 
lcngtl\cning the fusolnge on the static longitudinal stability of the suijject 
research configuration. 


Lift atid pitching moment charaeteristics of the nose and forebody arc 
discussed in Paragraph ■L;L2.1 of Datcorn, and the following equations 
are given to determine tiie increments of tlie lift and pitching moment 
curv'e slopes; 
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per radian 
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— — - -^) tkx, per radian 


The nose and forebody are considered as the fuselage section forward of 
the wing-fuselage juncture. The equations above, evaluated for a body 
length of 12.6 feet, give the following: 

C = 0.00321 per degree, based on wing geometry. 

L 

a 


(j = 0. 00491 per degree, based on wing geometry, relative 
a to base of forebody. 

As a check on the validity of the method, the equations w-ere also used to 
calculate the stal)ility level of the entire fuselage,' and a comparison was 
made with wind tunnel test data: 

DATCOM (REFERENCE 1) TEST DATA fREFERENCE 2) 

C per deg. 0.0023 0.0025 

Xj 

a 

C per deg. 0.0112 
ni 

a 


0.0130 M < 0.40 



Based on the data fi’om either source, the effective center of pressure of 
the fuselage is about otic MAC forward of the nose, indicative of the 
couple produced liy bodies in potential flow. If the moment duo to the 
nose lift is doulilcd to approximate a couple and a viscous cross-flow 
term is added, llie resulting moment curve slope is on the order of 0.0105, 
which is in fair agrcctnent with the above values. 


The effect of additional fuselage length was determined by adding constant- 
area sections forward of the base of the forebody and determining tlio 
increment in lift and moment due to the additional volume. 
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where x represents tlie additional fuselage length. 

The moments were then referenced to the center of gravity, and the 
increment in static stability was determined from 
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The results o\’cr tlie subsonic rcn;’.c of Mach number, where the static 
margin is smallest, arc shown in Figure 3-74. A 1-foot inci’casc in 
fuselage lenglh reduces the static margin by almost 2 percent. 

The maximum dynamic pressure was determined from the .speed-altitude 
and corresponds to a Mach number of 1.36 at 10, 000 feet. 


3 . 3 . 4 . 2 Late );a l-Dl-rcctional Stability 

A brief analysis lias been conducted to evaluate the lateral-directional 
static stabilitx' of tlie BQM-34E equipped with the supercritical wing 
designated configuration 1-30-2. The results indicate that the BQ1NI-34E 
vertical tail will [irovide positive directional stability; but ihal it may be 
marginal at low Mach numbers. Utilization of the directional stability 
augmentation system may be desirable for satisfactory stability charac- 
teristics at low s[)ceds and high angles of attack. 

Dihedral Effect 


was estimated for configuration 1-30-2 by subti’acting the estimated 
vertical tail contribution from NASA wind tunnel model data and adding 
the contribution of the BQM-34E vertical tail. The change in ^ I 
to the low-wing location was estimated 

by an empirical expression in Elkin, p. 4S6. The resulting level of C p 
is shown in Figure 3-75, 


Directional Stability 


Comparison of the vertical tail geometry of the NASA model and the BQM 
34E shpw.s ap[)roximately the same tail volume coefficient, V = 0.13, 




Figure 3-74, Model BQi\I-.34E Esiinmted Cliangc in Stability due to 
Added Fuselage Seclion Forward of Wing 












for the same ratio of exposed area to >’;ross (ail area as established by the 
BQiM-irH-;. The NASA model vertical tail ennlributioii to C^p could not 
be determined aecnrately in the absence of tail-off data, Init it is esti- 
mated to be appi'oximatcly Id i)ercent more effective than the BQM-31E 
vei-tical due to a hi<;^hor aspect ratio and lower sweep angle. This 
results in a reduction in C„ ^ of 0,00078 for tlie subject configuration, as 
shown in Figure 3-75. Also shown in the figure is the ratio of p fo 
^n 0 » V'hieh is an indicator of dutch roll characteristics. This ratio is 
about the same for the subject configurations in the design Mach numl)er 
range. However, at low Mach numbers corresponding to launch airspeeds, 
the ratio increases and approaches that for the basic BQM-34E with the 
external tank on. Experience with air launcli of the BQM-34E indicated 
a need for high directional stability. The directional stability augmenta- 
tion system is used for this purpose for tlie tank-on configuration and 
may be desirable for the rcseai'ch configuration utilizing a standard 
BQM-34E vertical tail. Tlie directionarstability can be increased by 
approximately O.OOIG and will increase to a level equal to or higher 
than the NASA model data. Other factors would influence the closed-loop 
and dynamic stability characteristics, such as' yaw due to roll control, 
higher roll and yaw inertias, and higher roll damping from the super- 
critical wing. 

The effects of angle of attack were not checked, hut the increase in Cz ^ 
with a for the NASA configuration indicates that a Iiigher level of C^p 
than that provided by the basic BQM-34E vertical tail may be desii’able. 

3.3.5 Missio n Performance 

The performance capabilities of configuration 1-30-2 in the Mach-altitude 
plane was included in the point design summary of Paragraph 3.2, Figures 
3-17 and 3-22. In addition to this, an actual time history of an example 
mission at maximum power v/as made for both a ground launch and an air 
launch at 10,000 feet. These results, shown in Figure 3-76, indicate 
that this vehicle should be able to provide on-station mission data at 
speeds close to Mach 0.9S for over 20 minutes. Additional performance 
capabilities are illustrated in Figures 3-77 and 3-78. 

f 

j 

3.'3.6 Command and Control 

i 

The preceding discussion has been concerned mainly with the feasibility 
of modifying the BQid-34E airframe for research applications. This sec- 
tion discusses the other vehicle subsystems, primarily avionics, which 
must also be modified, These subsystems include the data transmission 
links, automatic flight control, and secondary power (which is not 













Figure 3-78. No. 1-30 Specific Range vs. Mach Number, 2000 Lb 












commonly included under the avionics label). The propulsion and 
recovery subsystems remain unallered. Analysis of the ground-based 
portion of the vchiele coiurol system was beyond the scope of the study. 
However, the influence of ih.e availability and performance of ground 
equipment on the airborne equirnnent had to be considered for complete- 
ness. 

A simplified functional block fiiagrarn of the airborne subsystems (less 
airframe) is shown in Figure ;;-70. Of the 12 functional blocks shown, 
three arc new (for wing controls) and one is modified (automatic flight 
control system (AFCS)); the remainder are unchanged from the target 
configuration with one qualification. The recommended command guid- 
ance transponder has not yet flown in the BQM-34E/F; however, it has 
flown in several versions of the BQM-3-1A subsonic drone. The functional 
modifications for installing the transponder amount to interfacing with the 
AFCS; hence, the modification is allocated to the AFCS. 

The difference between the E (Navy) and F (Air Force) models of BQM-34E 
lies in the target aiytpnentation equipment complement. Hence, with 
these equipments removed, the models are virtually identical. ' 

The target command and control system is designed to be operated by 
military personnel having a minimum of training. The operators are 
generally not pilots. The controls available to the operator are discrete 
(ive. , relay closure) comirands, limited flight data for performance mon- 
itoring, and a vehicle tracking display. The commands are limited to 
such as TUBN RIGHT , TURN LEFT, CLIMB, DIVE, tiiruing equipment 
on or off, initiation of the recovery mode, etc. Each maneuver command 
energizes a potentiometer in t!ie drone autopilot, wliich is set prior to 
flight to a specific command voltage. The autopilot responds to the com- 
mands in a proportional manner. For example, the autopilot responds to 
a turn command with a constant -altitude turn whose roll angle (and con- 
sequently turn rate and load factor) is proportional to the preset voltage. 

Once initiated, the turn relay remains latched until it is disabled. by a 
STRAIGHT AND LEVEL command. The latter command represents zero 
roll angle to the autopilot. The turn command potentiometer voltage can, 
therefore, represent any roll angle from 0 through about S5 degrees, as 
limited by maximum load factor, although only one value can normally be 
commanded during a flight. (In special modes, an alternate level can be 
selected.) The autopilot responds to CLIMB and DI\^E commands, in a 
similar manner, as altitude change commands. Mach number can also 
be controlled, although it is normally not commanded dirocth’ by tl\e 
operator. He docs so by keeping engine rpm (i.c. , a discrete command 

















of throttle rale) v.liile monitoring engine rpm and r-.Iach number on flight 
data readout. Other flinphiyed flight data parameters include pitch and 
roll attitude, altitude, and heading. For a complete discussion of the 
target control system, see Kcfcrences 17 and 18. 

A proportional command capability is achieved by replacing the discrete 
command lin!-; with one having continuously variable data channels, as in 
telemetry data, and introducing the command variables into the autopilot 
in lieu of potent iomet^^^ltages. Hence, the autopilot responds to a 
continuously variabl^^^ggc command that is controllable from the 
ground. 

Avionics Reconfigur a t i o n 

The avionics, (including secondary ix>wer and sex*voactuators) set required 
for research operations are derived from the basic BQM-34E/F target 
avioriics in the following manner: 

a. -The target augmentation and scoring equipments are removed. 
These include such items as radar augmentors and antennas, 
infrared sources, miss distance sensors, and tow-target 
equipments. 

b. The. standard command receiver and telemetry transmitter 
are replaced' by a command guidance transponder and pxossibly 
a small, wide-band telemetry transmitter. 

c. An electrically driven hydraulic power supply is added for 
the wing control surface actuators. A small electronic unit 
housing the flutter mode control computer and ancillaiw 
AFCS interface is added, 

d. The resulting equipment complement is rearranged within 
the compartment to utilize the available space to better 

I advantage. The cooling system was retained some.what 

I arbitrarily since it is not required, except at the highest 

I Mach numbers. For many research operations, the cooling 

' system space can be occupied by other equipment. 

j 

Command Guidance Data Links 

The command guidance data links provide the means for communicating 
with the vehicle for purposes of control and remote measurement. The 
impoi-tant link parameter is its frequency bandwidth or cliannel capacity. 



which denotes the amount of data that the link can transmit. The factors 
that determine the !)and\vidth required are the number of parameters to 
be transmitted (i.e. , the numljer of channels), their resolution or accuracy, 
and their frequency content, wliich is also bandwidth. 

Multiple channels are obtained cither by dividing the available bandwidth 
into narrower liands (frequency -division multiplexing) and transmitting all 
parameters simultaneously or by transnuttiiig samples of each parameter 
sequentially (time-division imiUipIexing) or a combination of the tv/o (sub- 
multiplexing). Most available drone control systems use time -division 
multiplexing. The important factor in time-division multiplexing (TDM) 
becomes the sampling or update, which must be at least twice as high as 
the bandwidth of interest of the parameter to be transmitted. 

The bandwidth and sampling rate required of the drone data links depend 
on the guidance and control philosophy employed.' The philosophy deter- 
mines which control laws arc mechanized and whether control loops are 
closed in the air or on the ground (w-hethcr by man or computer). Such 
alternatives are indicated in Figure 3-SO. In the figure, the width of the 
data link arrows is proportional to the bandwidth required. The basic 
vehicle control loops are indicated in the four blocks with their relative 
frequency ranges indicated. The AFCS outer loops include airspeed, 
altitude, and heading control and phugoid modes. These control pai’a- 
meters are used in a typical target. The difference between the top two 
blocks is proportional command versus preset discrete commands. AFCS 
inner loops include short-period dynamics, stability augmentation, and 
handling qualities. This is the loop in which a man operates in an aircraft 
without an autopilot. Note that the inner loop control frequencies are an 
order of magnitude greater than the outer loop frequencies. Wing flutter 
mode control loops (and body bending as well) involve frequencies that 
are another order of magnitude greater than those of the inner loops. 

The sampling rate on the telemetry must be somewhat greater when the 
flight control computations are performed on the ground rather than in the 
air to prevent the overall transport delays in the closed loop fi-om dis- 
toring the response or causing oscillations. - The increase would be on the 
order of a factor of two to four times as great. Similarly, the quantization 
level (digital resolution) is important, because too large an increment can 
cause limit cycling. For example, if roll attitude w'cre to be quantized 
over ISO degrees with an 8-bit w-ord (256 increments), then the resolution 
would be 0.7 degree. This could produce a sinall -amplitude limit cycle 
of a similar magnitude. Hence, a longer word, say 10 bits, W'ould be 
desirable. 
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Figaro 3-SO. Giiiclanco and Control Concepts 








The command guidance equipments most often used today for drone control 
arc listed in Table Kaeh of llicsc equiinrients is capable of handling 

the research ai)plication with respect to cnnu-oHing vehicle maneuver 
dynamics for either ground or airlmrne coiri[)utation. However, wth 
respect to the capabilitv of handling wing-ilutter and body-bonding mode 
control, each would be limited to first modes at best, particularly with 
ground computation, because the closed-loop delay times become signifi- 
cant at such frequencies. Possible solutions to the latter problem arc as 
follows: 

a. Develop or adopt a new or wider bandwidth telemetry link. 

b. Modify the existing links to increase their bandwidths. 

c. Compute only in the vehicle and transmit the Qutter data 

to the ground for monitoring purposes over a separate dedi- 
cated (standard) telemetry link. 

The options are listed in order of decreasing cost, schedule impact, and 
flexibility. 


The main differences between the equipments listed in Table 3-21 are in 
the tracking function and -relative cost. Tlie Vega system uses the local 
tracking radar as a host for its telemetry carrier, the Motorola system 
has an integral tracking radar (with lower power and accuracy), and the 
Babcock telemetry link is separate from the local tracking radar. The 
Motorola system also has an integral control and display console, which 
the other two do not. The equipments are listed in order of generally 
increasing cost, although the first two are significautly lower thau 
Motorola because of them- lesser complexity. 


Automatic Flight Coutrol System 


The BQM-34E/F AFCS provides control of vehicle altitude, Mach number, 
pitch, and roll attitude plus three-axis stability' augmentation. A detailed 
description of the AFCS function and performance can be gained from 
References 17 through 19. 

Since the target .AFCS was not designed for research applications, it 
lacks some of the flexibility and capability which are desirable. However, 
for the application being considered, it can satisfy the immediate require- 
ments with some relatively simple modifications. 



TABLE 3-21 

COMMAND GUIDANCE EQUIPMENTS 
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* DEPENDENT ON HOST TRACKING RADAR PR 



The options available are as follows; 

a. lletain the AFCS as is, except for modifications for 
proportional command inputs. 

b. Augment the option TAFCS with the nccessai;y computation 
and logic for new modes. 

! 

c. Retain the AFCS for launch and recovery, but bypass the 
sensor and/or computer sections , with airborne or ground - 
based alternate equipment for the test portion of flight. 

d. Replace the existing AFCS with a new' one having capabilities 
more suitable to the application. 

In general, the options are listed in order of increasing capability, cost, 
and development time. Teledync Ryan has successfully flow'u aircraft 
employing options a, b, and d. NASA Flight Research Center (Edv/ards 
AFB) is about to ily a spin test vehicle using option c without AFCS. 

The recommended course of action is option b. The sorts of modifications 
requix’ed within the AFCS are outlined as followxs. The longitudinal and 
lateral axes are sufficiently separable functionally to be considered 
individually. A simplified block diagi'am of the longitudinal axis, including 
representative modifications, is showm in Figure 3-81, The sensors.- cur- 
rently used (air data, vertical gyro,, rate gyro, and normal accelerometer) 
are those which would be expected in a research vehicle. 

Existing command inputs (continuously variable) include Mach number, 
altitude, and attitude. Rate or acceleration command mode can be 
obtained by introducing switching logic prior to the stability augmentation 
summing junction. The command would ixe shaped prior to summation to 
provide the proper response characteristics, in the manner of command 
augmentation. In opei’ation, the altitude, Mach, and attitude inputs w’ould 
be diverted to the synchronize mode, so that reversion to one of those 

modes w'ould, not cause a switching transient. 

! 

i 

I 

The figure also shows aileron sex’vo inputs, to indicate how collective 
ailerons or flaps could be driven for direct-lift control studios. 

i 

The lateral axis (modified) is depicted in Figure 3-82. It consists of the 
yaw' and roll axes plus the flutter mode control subsystem. The yaw axis 
is shown as it currently exists with tw'O exceptions: provisions for yaw 
command arc included, and the sideslip sensor is used for contrpl only 



Figui’C 3-81. Longitudinal Axis AFCS Channel 







































when the cxtoi’nal belly fuel pod is attached. The roll axis is also shown 
as it currently exists with two execptions: provisions for roll rate com- 
mand are included, and the output drives aileron servos rather than the 
existing rolling tail seiwos. The tail would then operate purely as an 
elevator. 

The flutter mode control loop consists of a number of wang-mounted sen- 
sors (accelerometers and possible rate gyros), a compensation filter 
network (approximately fiftli order), and wing-surface servoactuators. 

The filter mechanization in. analog form is straightforw'ard. It would con- 
sist of several operational amplifiers and a resistor-capacitor pair for 
each filter clement. The filter characteristics (i.e. , gain and time con- 
stants) can be made variable and can be controlled remotely if needed. 

For example, each axis of Urn stability augmentation system has a 
variable-gain element which is controlled by a voltage. The control 
parameter is dynamic pressure,, but a remote command, being a voltage, 
could also control it.. Because the flutter mode frequencies of interest ■ 
approach 30 Hz, which could overtax the existing data links, and because 
the filter design is straightforward, the onboard mechanization is recom- 
mended. 

Secondary Power 

The BQM-34E/F secondary power i-s dei'ived from an engine-driv.eii dc 
generator, which also serves as the engine start motor. Hi’draulic , 
power for the control -surface actuators is provided by an electrically 
driven supply. The servoactuators and power supply form an integx'al, 
self-contained unit, which is also a structural member of the airframe. 

Additional hydraulic pov. or will be'required for the wing actuators. The 
existing supply is sized for the tail actuation requirenxent; hence, it does 
not have any significant reserve capacity. The engine has only one power 
takeoff pad, which is used by the generator. Therefore, since an engine- 
driven hydraulic pump is not possible, the alternative is to provide an 
electrically driven hydraulic supply. A number of such supplies are used 
oh missile and reentry vehicles. They are small enough to fit easily into 
the drone. Further, sufficient electrical power is available to drive one. 

I 

The hydraulic power requirements have been estimated as follows: the 
maximum aileron hinge moments for the inner and outer ailerons and 
leading-edge flaps are 1500, 1000, and 500 inch-pounds, respectively; 
the frequency response of the outer ailcron/leading-edge flap pair should 
be at least 100 radians per second at the first order break; and the inner 
aileron response should ixc about 20 radians per second. The existing 


hydraulic system supplies two actuators having 4000 inch-txnmds of 
stall torque and one (rudder) liaving 900 inch-pounds of torque siail. 

All servos have a first-order lag of sliglitly greater than 20 radians per 
second. 

A very gross comparison of power rcc(uircmcnts can be obtained by multi 
plying stall torque l)v fnxiuency response for each servoactuator and 
summing. When this is done for the wing set and tail set, the ratio of 
wing pow'er/tail power is approximately tw'o. 

The electrical input to the tail hydraulic pump is 20 amperes at 28 volts 
dc. It supplies O.G gallon per minute at 1000 psi. . Data on tw-o available 
electrically driven power supplies is presented below. Note that this 
data indicates that the (wwer supplies can provide 2-1/2 times the pow'er 
of the existing supply. 


TYPE 

USED ON 

PEES SURE 

FLOW 

ELEC- 

TRICAL 

INPUT 

Pesco Model 
165-100 

Martin hypersonic 
lifting body 

1500 psi 

1 . 0 gpm 

28 Vdc 
38 amp. 

Pesco Model 
144-300 

Minuteman Third 
Stage 

1500 psi 

1.0 gpm 

28 Vdc 
38 amp. 


The available electrical power, summarized in Table 3-22, is adequate 
for driving either supply while retaining a resexwe for additional equip- 
ment. 

Conclusions 

The feasibility of converting the BQM-34E/F avionics from a tai-get- 
oriented to a research-oriented configuration has been analyzed wdth the 
following results: - 

a. The modifications are confined primarily to the automatic 
flight control system and to equipment relocation. 

b. Commajid guidance data links with adequate capacities for 
research applications are available. 



I’ABLK 3-22 
SKCOKDAKY POWER 


©AVAILABLE GENERATOR CAPACITY 200A @ 2S VDC 

BASIC VEHICLE LOAD 

WARMUP 134A 

CRUISE 94 A 

© WING ELECTROIIYDRAULIC SYSTEM 40-58A (ESTIMATED) 

RESIDUAL CAPACITY 

WARMUP . 29-11 A 

CRUISE 6G-4SA 
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c. The control laws are well understood, and their mechaniza- 
tions are within the current state of the design art and 
hardware capability, 

d. Adequate electrical and hydraulic power are available. 

3.4 SUPP O RT STUDIES 

3.4.1 Wind Tunnel Tests 

To assure a high probability of success of new or revised RPVs, it is 
recommended tliat aerodynamic lest data be obtained in each of the criti- 
cal flight regimes. This will provide not only a verification of estimated 
aerodynamic, stability, and control coefficients but, in addition, will 
make possible realistic prcflighl simulations, including nonlinear effects 
due to compressibility and separation phenomena. 

For the subject vehicle, this would include low-speed transonic as well 
as supersonic wind tunnel tost data of scale models, as required, close 
to flight Reynolds numbers. Although new vehicle checkouts usually 
include engine inlet tests, bound ary -layer gutter optimization, etc. , it. 
is felt that this is not likely to be required for the subject application. 

The basic inlet coafiguration is designed to operate, with reasonable 
compromise, in both the subsonic as well as the supersonic regime. 

(Mach 2.0 tests indicated a mild instability.) 

A requirement for pressure taps to provide good chordmse and spanwise 
load data is always desirable, from an analytical viewpoint, in both aero- 
dynamic and load analyses. However, this requirement is seldom imple- 
mented, because of economic and time constraints. 

Typical flight modes of a new wing to be critically examined by means of 
wind tunnel tests w'ould include the following: 

a. Low-speed launch mode, Mach 0.1 to 0.4, free-fall stability 
and ti’im at near zero lift. 

1 b. High-speed launch mode, Mach 0.6 to O.S (only if required). 

j 

i c. Maximum climb trim and stability, Mach 0.4 to 

d. Cruise trim, stability, and control, Mach 0.4 to M^ax- 
c. Maximum load factor (turn mode). 


f. Power-off (j;licle cluii'Mctci’islics, Macii 0,8 to 0,2. 

g. Recovery nmcle. drag chute. 

h. Maximum trim Cf, versus Mach number, 

i. Captive-fl igl’.t leads on carrier aircraft, 

/ 

■3.4.2 Flight ,‘\ssurai\cc Summary 
Reliability 

Flight-phase and rccovcry-iiiKisc inherent reliability predictions for the 
NASA -configured I'/vd --'M F liavc been completed. These predictions were 
developed from BQM reliability prediction mathematical models, 
with adjustments for i!m currently ijlanned clianges to the Navy vehicle. 
Sixty -five minutes (l.OSd hours) llight pliase, and 22 minutes (0.363 hour) 
recovery phase durations (Navy prediction profiles) were used to provide 
a comparison of the two vciiiclcs. The maximum phase durations were 
selected to provide a conservative estimate of inherent reliability. The . 
results are as follow’s; 



NASA 

NAVY 


BQM -3 4 E 

BQM.-34E 

Flight phase 

97.90% 

98.04% 

(With cooling system installed) 

97.79% 

97 . 93% 

Recovery phase 

99. 42% 

99.63% 

Recovery and retrieval (combined) 

98.0 % 

— 


These values are for the air vehicle showm in Figures 3-83 through 3-84. 

The flight phase includes the |)criod from launch to the initiation of 
recovery procedures. The recovery phase includes the period from the 
initiation of recovery procedures until the air vehicle is in a position to 
stait the retrieval operation. For this analysis, the worst -case condition 
of parachute descent to a water landing w'as assumed. 

I 

Since there is no reliability model for a Navy MARS retrieval system, 
data from other programs in wliich the hlARS system is used was examined. 
A combined recovexw and retrieval reliability of 98.0 percent is indicated. 

The NASA BQM-34E predictions are based on the system changes discussed 
in the following subparagraphs. 


P>iM-34E 

0;>orallunal 



Figure 3-83. Model BQM-34E Reliability Functional Block Diagram, Operational Complex 
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Airf rame!. - The NASA-KfO wing is siibstitutccl for the Navy wing. It is 
a.ssuinee! Hull the failure rate is equal to four times the Navy wing failure 
I'ate clue to added complexity and planned fligiits approaching the wing 
structural limits. Planned flights beyond the structural limits have been 
excluded from this analysis and will require further study daring the 
design phase.) Four wing trailing-cdge control surfaces, each with a 
failure rate equal to one horizontal stabilizer, arc added, as well as two 
wing leading-edge control surfaces, each with a failure I’ate equal to one 
rudder. 

Propulsion vSystem. - No change is made in the propulsion system. 

Electrical System. - The Air Force power distribution box failure rate 
is substituted for diat of tlie Navy power distribution box to provide for 
potential increased functional requirements. 

Flight Controls. - An. elcctrohydraulic actuator. with a failure rate equal 
to those of existing electrohydraulic actuators is added for wing control 
surfaces. Additional flight control box functions, with a combined failure 
rate equal to the combined failure rate of the existing pitch command 
assembly and 0.5 times the existing relay logic assembly, is provided, 

Guidance, Telemetry, Tracking. - The exi.sting radio receiver and 
teleiuetry ti’ansmitter are replaced by the (\'ega) VTCS, and an a sensor 
with a failure I’ate equal to that of the e.xisting jS sensor is added. 

Equipment Cooling. - This system is not currently planned for use; 
however, air vehicle reliability is shown for both cases (i.e. , without 
or with the cooling sy stem installed) in the event that supersonic flights 
may later require the system be installed. 

Recovery. - The Air Force MARS main parachute system is substiiuted 
for the Nav}' main parachute system. 

Table 3-23 shows the NASA BQM-34E and Navy BQM-34E flight phase 
reliability prediction comparison on a system by- system basis. Table 
3-24 show's the same comparison for the recoveiy phase. 

Maintainability 

A preventive-maintenance man-hour analysis for the NASA BQM-34E 
w'as pex’formed based on the Navy BQM-34E maintenance engineering 


NASA BQM-34E AND NAVY BQM-34E FLIGHT PHASE RELIABILITY PREDICTION COMPARISON 



1 







NASA BQM-34E AND NAVY BQM-34E NECOVERY PHASE RELMBILITY PREDICTION COMPARISON 
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analysis report. The results arc compared with the predicted and 
demonstrated preventive maiiitenance man-hours for the Navy 
which docs not have the AlAllS system, as follows: 


Estimated 

Demonstrated 


NASA BQM-34E 
(vath MARS) 

114. 90 PMMH 


NAVY BQM-34E 
(no NLA INS) 

1GG.13 PMMH 
17S.37 PMMH 


These are the direct , avera;to, preventive-maintenance man-hours per 
flight. The NASA estimate is based on the following assumptions: 


a. This estimate is for the second and subsequent flights. The 
first [light requires an additional 12 man-hours if uncrating 
is considered. 

b. The fligiit control system will require 75 percent additional 
man-hours due to additional flight control system functions. 

c. MARS recovery is used. 

d. Maintenance man-hours are direct (i.c. , "screwdriver- . 
time") man-hours. 

■ e. IMaintcnance hours do not include time for operational tasks 
such as uploading, prelaunch tests, launching, flight, or 
retrieval. 

f. The cooling system is not used. 

g. Augmentation (for target missions) is not installed. 

h. Test time for th_e VTCS (Vega system) is equivalent to that 
for the AN/DRW-29 receiver and the AN/AKT-21 TLM 
transmitter. 

i. A ground launch is assumed. 

Table 3-25 shows the breakdowm of the separate task estimates. 




1. 

Systems Cdnficionce Test 
(Completed Vehicle) 

in 

3 

1 

3. 75 

2. 

Service Vehicle with Fuel 

0. 50 

1 

1 

0. 50 

3. 

Weigh Vehicle 

0. 50 

2 

1 

1. 00 

4. 

Assemble F- -Align RA'i'O 
Bottle to .Attach. Fitting j 

1. 50 

2 

1 

3.00 

5. 

1 

Service Battery 

1. 00 

1 

[ 1 

1. 00 

6. 

Preflight Servicing 

1. 90 

1 

1 

1. 90 

7. 

Disassembly after Flight 
(Remove Equip. Comp. 
Doors, ADC, Gyros, etc.) 

1.2 0 

1 

1 

" 

1. 20 

8. 

Check Components 

7.35 

1 i 

1 

' 7. 35 

Q, 

Pressure Checks ' • 

2.50 

1 

1 

2. 50 

10. 

Prepare for Installed 
Engine Run 

2. 00 

1 

1 

1 

2. 00 

11. 

Installed Engine Run 

1. 00 

3 

1 

' 3. 00 

12. 

Prepare for Systems j 

Tests. 

4.25 

2 

1 

8. 50 

13. 

Install Equipment in 
Equipment Compartme.-.t 

8. 50 

1 

1 

S. 50 

14. 

Perform Systems Tests 

IS. 30 

2 . . 

1 

36.60 

15. 

Complete Assembly of 
V chicle 

5. 75 

2 

1 

11. 50 

16. i 

Build up and Install 
Recovery System (In- 
cludes MARS) 

8. 30 

■ 2 

1 

16.60 

17. 

1 

Weigh and Balance 
Vehicle 

3. 00 

2 

1 

6.00 


TOTAL PMMH 


114.90 










Comi^onent Test Requi r c rn c n t s 


The current NASA EQI\I-3 11-: confif^jralion will require only one new 
major component that will not have demonstrated flightworthincss. This 
is the wing control surface actuator package. Assuming it is- a unit com- 
parable to th.e existing elcclroliydraulic actuator, it is recommended that 
each unit procured be subjected to a flight-assurance test equivalent to 
the reliability sampling test performed on the selected imits procured for 
the BQM-31E. The lost profile includes low and high-temperature soak, 
low and high-temperature operation, three-axis vibration, an acceptance 
test, and visual inspection. After successful completion of this test, 
each unit will then V)e refurbished for flight readiness and subjected to 
the acceptance test in-ocedure prior to shipment from the supplier. 

Elements to be considered in a fligiit-assurance determination are 
presented in Table 3-2G. 



POSSIBLE ELEMENTS OF FLIGHT ASSURANCE DETERMINATION 
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4.0 CONCLUSIONS 


As a result of this fcasitUlily study, it is concluded that the basic BQM- 
34E is readily amenable to modification for conversion to a NASA research 
drone. Wings were sized to indicate tlie applicability of the BQM-34E to 
a wide range of subsonic and supersonic missions. Six point designs with 
research wings applicable to advanced transports, RPVs as well as an 
air-to-air fighter, were identified. Comprehensive structural and design 
analyses were accomplished on a representative research configuration 
to indicate practical modifications to provide high and low-wing structural 
attachment capabilities. Typical inboard and outboard ailerons and active 
control devices were configured with practical actuation system arrange- 
ments.- Cost-effective methods of constructing wings with various degrees 
of bending and torsional rigidity were determined, for possible loads and 
flutter suppression research studies. 

The required modificiitions to the existing command and control system, 
to provide capabilities of accomplishing control law functions via ground- 
based or’ airborne computers, were identified within the state of the art 
and available avionic sj'stems. 



( 
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5.0 R EC OM M 1;: N13AT IONS 


According to the results of this study, the basic RQM-34E drone system 
is readily adaptable into an uaifiuc NASA free-flight research system 
capable of accomplishing both subsonic and supersonic tasks. ROM costs, 
delivered to the customer (per Reference IG), indicate that this research 
drone can provide substantial savings in terms of time and resources in 
the development of man-rated systems. Free-flight valicktions without 
tunnel-wall constraints can readily be established in critical flight 
regimes and wh.ere wind tunnel test data are in question (such as at Mach 
1.0). It is therefore recommended that such a program be pursued 
immediately to provide NASA with this capability'^ within time schedules 
indicated in Figure 5-1. 
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G.O NOTATIONS AND SYMBOLS 


Conventional notations arc used throughout this report. They arc listed 
as follows: 


A 

AVSYN 

b 

c 

CFE 

C 


t 

eg 

C 


D 


'D, b 


D 


Wing aspect ratio 

Air veliiclo synthesis program (Teleclyne Ryan) 
Wing span 

Wing mean aerodynamic chord 
Equivalent riat-pUue drag coefficient 
Wing-root chord 

Coefficient of friction 

Wingtip chox'd 


Center of gravity 


Drag coefficient, 


Drag 
qS ' 


Base drag coefficient, 


Base Drag 


qS 


Drag coefficient at zero lift 


I I 


'D 






a 


m 


Drag-due- to-lift pax-ameter 


Lift coefficient. 


Lift 

qS 


Slope of lift curve, per degree 


Pitching moment coefficient, 


Pitching Moment 

qS— 

c 
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LongiUtclinal - stability paramctci’ 


Pitch control clfcctivciicss of horizontal Uiil 


Directional - stability parameter, per degree 


Acceleration due to graviD" 

Altitude, feet 

Relative engine size to base reference engine liCt--to-drag 
ratio 

Lift-to-cirag ratio 
Free-stream Mach number 
Normal load factor 

Free-stream dynamic pressure, pounds per square foot 

Distance, nautical miles 

Reynolds number 

Revolutions per minute 

Reference wing area, square feet 

Time on station, minutes 


Horizontal tail volume coefficient, = -zr x 

c 


Vertical tail volume coefficient, = 


Wing loading, psf 

Weight, pounds 

Body width, feet 

Angle of attack, degrees 

Angle of sideslip, degrees 

Horizontal-tail, deflection, degrees 


Effective downwash angle, degrees 
Dihedral angle, degrees 
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SUBSCRIPTS 


nuux 

B 

c 

II 

V 

W 


Miixinutm 


Body 

Cruise 

Hori/.onUil Uiil 
\'crlical tail 
Wing or welled area 


HEl' 


Rel'erence 
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